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PREFACE  TO  THE  SECOND  EDITION. 


The  kindly  reception  given  to  the  first  edition  of  this  book,  which 
appeared  in  1901,  and  which  has  been  in  sufficient  demand  to  necessitate 
a  return  of  the  forms  to  the  press  several  times  to  supply  the  unan- 
ticipated call  for  it,  has  been  so  flattering  to  the  author  that  he  has  been 
encouraged  to  accept  the  urgent  advice  of  his  publishers  and  many 
friends  among  the  engineering  profession,  and  attempt  such  a  revision 
of  the  work  as  will  bring  it  more  nearly  up  to  date.  In  the  past  ten  or 
twelve  years,  since  the  first  compilation  of  data  on  the  construction  of 
dams  in  western  America  was  undertaken,  the  world  in  general  appears 
to  have  entered  upon  a  new  era  of  dam  and  reservoir  creation,  and  there 
has  been  such  a  remarkable  degree  of  activity  displayed  in  the  conserva- 
tion and  utilization  of  water,  that  it  may  be  quite  reasonable  to  state 
that  more  dams  have  been  built  in  the  decade  that  has  just  passed  than 
during  any  fifty  years  of  previous  history.  This  is  true  not  only  of  the 
United  States  but  also  of  Europe  and  other  countries.  The  present 
appears  to  be  an  age  of  dam  construction,  an<l  there  has  developed  an 
eager  demand  for  information  regarding  the  actual  works  accomplished, 
their  dimensions,  character,  plan,  materials,  methods  of  construction  and 
cost.  The  author  has  been  gratified  to  find  his  book  in  the  hands  of  engi- 
neers in  every  part  of  the  globe  he  has  visited,  whicrh  may  be  a(*ce[)ted 
as  an  attestation  of  the  fact  that  there  is  a  wide  field  for  such  a  work. 
He  has  therefore  felt  it  to  be  a  duty  to  make  it  more  complete,  and  more 
worthy  of  the  interest  taken  in  it. 

Much  new  matter  has  l>een  added  and  some  of  the  ol<l  has  Ijeen 
taken  out  as  obsolete  and  of  little  present  value.  The  chapter  on 
Hydraulic-fill  Dams  has  been  greatly  extended  by  (lescriptions  of  later 
constructions,  and  two  new  chapters  have  \HH*n  added,  d<*scriptive  of 
reinforced  concrete  dams,  the  latest  claimant  to  public  attention,  and 
of  structural  steel  dams,  which  have  increase<i  in  uumlyem  and  size. 
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The  developments  made  in  hydraulic-fill  dams  in  the  past  few  yean^ 
and  the  wide-spread  interest  manifested  in  this  novel  utilization  of  the 
forces  of  Nature  to  construct  enduring  barriers  of  unprecedented  height, 
at  moderate  cost,  would  alone  have  justified  the  publication  of  a  sepa- 
rate volume  on  that  subject,  embodying  all  the  experiences  of  the  author 
and  other  engineers  in  that  most  fascinating  and  interesting  field  of 
construction. 

The  chapter  on  Masonry  Dams  has  been  increased  twofold  by  an 
attempt  to  make  some  mention  of  all  the  most  notable  dams  of  the 
world,  and  many  that  are  verj'  little  known.  Attention  is  particularly 
directed  to  Plates  1,  2,  and  3,  in  which  profiles  are  shown  of  all  of  the 
leading  and  better  known  masonr}^  dams  in  existence,  drawn  to  uniform 
scale  for  easy  graphical  comparison.  No  such  complete  collection  of 
dam  profiles  has  ever  before  appeared  in  print,  assembled  together  on  a 
common  basis. 

The  endeavor  has  been  made  to  give  the  book  greater  attractive- 
ness by  the  addition  of  284  new  cuts  and  photographs, — some  of  which 
have  been  taken  by  the  author's  pocket  camera — an  in.separal)le  com- 
panion. 

Thus  over  sixty  per  cent  of  all  the  illustrations  in  the  book  are  new, 
and  probably  as  great  or  a  greater  proportion  of  the  reading  matter  is 
also  new  or  rewritten. 

The  labor  involved  in  this  revision  has  been  enormous,  but  if  his 
efforts  shall  prove  of  value  to  the  engineering  profession  the  author 
will  feel  amply  repaid. 

James  D.  Schuylek, 

Los  Angeles,  California,  October,  1908. 
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Ik  1896  the  author  was  requested  to  prepare  a  brief  deseriptive  account 
of  such  of  the  principal  dams  and  reservoirs  as  had  come  under  his  observa- 
tion in  the  course  of  his  professional  practice  in  the  arid  region  of  the 
United  States,  for  publication  among  other  Water-supply  and  Irrigation 
Papers  issued  by  the  U.  S.  Geological  Survey  for  the  general  information 
of  the  public  on  topics  of  popular  interest. 

In  compliance  with  this  request  a  paper  was  written  somewhat  hastily 
in  the  rare  leisure  intervals  of  a  busy  season,  which  was  printed  and  cir- 
culated as  a  portion  of  the  18th  Annual  Report  of  the  Geological  Survey, 
in  a  more  pretentious  form  than  had  been  anticipated  when  the  manu- 
script was  prepared.  The  rapidity  with  which  the  edition  of  the  paper  was 
exhausted  testified  to  the  existence  of  a  widespread  interest  in  the  subject 
of  water-storage  in  the  West,  and  a  general  demand  for  the  facts  regarding 
the  works  which  have  been  built  and  those  which  are  projected.  This  has 
encouraged  the  author  to  republish  the  paper  in  another  form,  revising  and 
adding  to  it  as  the  material  has  become  available.  The  work  does  not 
pretend  to  be  an  exhaustive  treatise  on  the  subject  of  dam-construction 
in  western  America,  nor  does  it  assume  to  cover  the  field  by  an  account  of 
all  the  important  dams  which  have  been  built.  It  is  cliiefly  a  straightfor- 
ward description  of  those  works  with  which  the  author  has  become  familiar, 
either  as  a  consulting  engineer,  or  as  designer  and  constructor,  or  merely 
as  an  interested  observer  of  the  development  of  the  ideas  of  other  en- 
gineers. The  field  is  too  great  to  be  completely  covered  by  any  one  work, 
and  new  projects  are  developing  with  such  rapidity  as  to  render  the  task 
of  enumerating  them  all  quite  beyond  the  power  of  any  one  individual. 

For  what  it  may  be  worth  in  the  way  of  information  or  suggestion  to 
the  fellow  members  of  his  profession,  or  to  others  interested  in  the  storage 
of  water,  the  volume  is  modestly  presented,  craving  indulgence  for  all 
errors  of  omission  or  commission. 

Jahes  D.  ScnuYLEB. 

October,  1900. 
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INTRODUCTION. 


The  development  of  a  water-supply  for  irrigation  in  the  arid  West 
sooner  or  later  reaches  a  stage  where  the  construction  of  storage-reseryoira 
becomes  a  necessity.  If  the  stream  is  one  of  considerable  volume,  numer- 
ous irrigation-canals  will  be  constructed  from  it  at  all  convenient  points, 
and  its  entire  normal  flow  will  be  utilized  before  the  impounding  of  flood- 
Tolumes  is  thought  of  as  a  possibility.  But  with  the  varying  seasons  there 
will  occasionally  come  a  year  when  the  best  of  streams  are  so  shrunken 
below  the  normal  as  to  limit  sharply  the  area  which  can  be  irrigated  from 
it,  and  emphasize  the  regret  that  some  means  had  not  been  provided  for 
holding  back  the  wealth  of  water  which  at  times  pours  into  the  sea  without 
benefit  to  any  one,  so  as  to  render  it  available  in  the  drier  part  of  the  year. 
Other  streams  there  are,  which  drain  very  large  districts  and  at  certain 
times  of  the  year  are  formidable  and  almost  impassable  rivers,  that  in  the 
summer  and  fall  are  dry  for  months  at  a  time.  If  these  sources  are  to  be 
rendered  servicable  storage-reservoirs  must  be  built  as  the  initial  step  in 
irrigation  development. 

All  streams,  except  they  be  regulated  by  nature  by  means  of  lakes  oi 
subterranean  reservoirs,  are  subject  to  great  fluctuation.  It  is  the  function 
of  artificial  reservoirs  to  equalize  in  a  measure  these  variations  in  flow,  im- 
pounding the  floods  for  use  in  the  season  when  irrigation  is  necessary. 
Were  it  possible  to  conceive  of  a  stream  flowing  throughout  the  year  without 
change  in  volume,  such  a  stream  would  not  have  its  fullest  measure  of  use* 
fulness  without  storage  of  the  water  flowing  during  the  period  of  the  year 
when  irrigation  is  not  needed. 

Inasmuch  as  the  total  available  water-supply  of  the  arid  region  is  vastly 
short  of  the  quantity  needed  for  irrigating  all  the  land  requiring  artificial 
watering,  it  is  evident  that,  under  every  condition  and  with  every  class  of 
stream,  storage-reservoirs  are  needed  to  develop  the  fullest  measure  of  use- 
fulness of  the  existing  supply. 

Unfortunately  it  is  beyond  the  possibility  of  hope  that  all  the  water 
flowing  can  be  stored  or  utilized.  There  is  such  a  wide  range  in  the  total 
run-off  of  every  stream  from  one  season  to  another  that  it  would  rarely  be 
possible  to  find  storage  capacity  for  the  extremes  of  flow.     On  large  rivers 
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the  ratio  between  maximnm  and  minimum  years  may  vary  as  12  to  1,  while 
on  smaller  streams  the  total  flow  one  year  may  be  one  hundred  times  as 
much  as  that  of  the  next  year.  Hence  the  reservoirs  which  might  be  pro- 
vided to  catch  all  the  flow  of  average  years  would  occasionally  be  over- 
whelmed by  freshets  so  extraordinary  as  to  fill  them  several  times  over. 
This  condition  has  an  important  bearing  on  the  design  of  every  reservoir 
located  in  the  path  of  floods,  first,  in  emphasizing  the  necessity  for  provid- 
ing ample  spillway  capacity,  large  enough  to  carry  safely  the  greatest  possi- 
ble or  probable  flow,  and,  second,  in  fixing  the  proportion  which  the 
capacity  of  the  reservoir  may  bear  to  the  total  annual  run-off  of  the  stream, 
80  as  to  minimize  the  ratio  of  silt  deposited  to  the  total  volume  of  water 
impounded.  It  may  be  accepted  as  true  that  the  destiny  of  every  reservoir 
is  to  be  filled  with  silt  sooner  or  later.  If  a  reservoir  were  created  on  a 
stream  carrying  silt  to  the  extent  of  1^  of  its  volume  on  an  average 
(although  few  actually  carry  so  much  as  1^),  and  the  average  annual  flow 
of  the  stream  were,  for  an  extreme  example,  fifty  times  as  great  as  the 
capacity  of  the  reservoir,  the  latter  would  be  filled  and  become  unservice- 
able in  two  years,  assuming  that  the  greater  portion  of  the  silt  carried  was 
deposited  in  the  reservoir.  It  would  evidently,  therefore,  be  unprofitable 
to  construct  such  a  reservoir  unless  provision  were  made  for  an  immediate 
increase  in  height  of  dam,  for  diverting  the  river  around  the  reservoir, 
which  is  usually  impracticable,  or  for  sluicing  or  dredging  the  silt  from  the 
reservoir,  a  process  involving  great  expense.  If,  on  the  other  hand,  the 
reservoir  capacity  was  made  great  enongh  to  store  rather  more  tlian  the 
usual  average  flow  for  one  year,  the  period  of  usefulness  of  the  works  would 
be  vastly  increased,  and  the  consideration  of  the  problem  of  silt  disposal 
would  be  left  for  future  generations  to  solve. 

The  importance  of  reservoir-construction  and  water-storage  for  irriga- 
tion was  not  so  generally  recognized  in  the  arid  region  prior  to  about  the 
year  1885  as  it  has  been  subsequent  to  that  time,  and  it  is  only  within  a 
comparatively  recent  period  that  capital  has  been  extensively  enlisted  in 
such  works  except  for  the  storage  of  water  for  cities  and  towns.  With  a 
few  prominent  examples  of  successful  achievement  in  that  line  as  precedents, 
however,  the  subject  of  water-storage  has  awakened  wide-spread  attention, 
and  each  year  it  appears  to  be  attracting  deeper  public  interest.  Capital 
has  been  slow  to  undertake  the  largest  and  most  important  works  of  this 
character,  because  of  the  difficulty  of  realizing  immediate  returns  upon  the 
investment.  The  development  of  a  new  section  upon  which  water  is  but 
recently  introduced,  the  construction  of  distributing  canals,  ditches,  and 
pipes,  the  cultivation  of  the  land  and  the  planting  of  orchards — in  fact  the 
conversion  of  a  desert  to  a  condition  of  profitable  productiveness,  is  the  work 
of  time,  which  cannot  be  begun  until  the  irrigation- works  are  actually  com- 
pleted, and  when  begun  is  slow  of  full  development.     Meantime,  however, 
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the  interest  acconnt  accnmnlates,  and  often  is  bo  far  in  excess  of  possible 
revenues  as  to  bring  discouragement,  and  sometimes  actual  bankruptcy, 
before  a  paying  basis  is  reached.  The  uncertainty  of  the  laws  of  the  differ- 
ent States  governing  water  rights  in  reservoirs,  the  difficulty  of  establishing 
fixed  rates  for  water  that  will  be  high  enough  to  afford  an  adequate  revenue 
to  the  capital  involved  and  low  enough  to  enable  the  farmer  to  pay  for  the 
water  he  requires  and  make  a  living  while  developing  his  farm,  and  the 
responsibilities  involved  in  the  risk  from  floods,  accidents,  and  dry  seasons, 
have  beet^  potent  in  deterring  capitalists  from  investing  in  the  business  of 
storing  and  selling  water,  per  se^  unless  it  were  coupled  with  the  ownership 
of  the  lands  to  be  irrigated,  or  with  the  domestic  supply  of  a  growing  town, 
or  with  the  possibilities  of  generating  water-power. 

The  recent  development  of  electrical  machinery,  by  which  power  may 
profitably  be  transmitted  long  distances  with  comparatively  small  loss,  has 
indirectly  benefited  the  irrigation  development  of  the  country  by  adding 
an  incentive  to  the  construction  of  storage-reservoirs  for  the  primary  and 
more  profitable  purpose  of  generating  power.  Many  reservoirs  are  being 
favorably  considered  by  capitalists  for  the  power  which  they  will  afford  that 
would  otherwise  be  regarded  as  comparatively  valueless  or  unprofitable 
investments  for  irrigation  alone.  As  the  great  bulk  of  precipitation  in  the 
arid  region  occurs  in  the  mountains,  where  it  increases  with  some  degree  of 
uniformity  with  every  foot  of  increased  altitude,  the  mountains  are  coming 
to  be  regarded  as  indispensable  to  the  wealth  of  the  country,  valuable  not 
only  for  their  precious  metals,  stone,  and  timber,  but  for  the  store  of  water 
which  they  are  able  to  supply  to  the  thirsty  plains  below.  The  mountains 
not  only  supply  the  water,  but  they  usually  afford  the  best  sites  for  reservoirs 
to  impound  it,  in  ancient  lake-beds,  and  high,  cool,  deep  valleys,  surrounded 
by  forests;  while  the  latter  fulfil  a  most  important  function  and  attain  a 
value  far  higher  than  the  mere  commercial  one  to  be  derived  from  their 
lumber  and  firewood,  by  serving  to  retard  the  rapid  run-off  of  the  water- 
supply.  Forest  growth  is  of  primary  importance  in  the  preservation  of  the 
source  of  streams,  in  preventing  the  mountains  from  being  washed  down 
with  destructive  force  to  the  valleys  and  the  sea,  and  in  creating  natural 
reservoirs  on  every  square  mile  of  their  surface. 

That  storage-reservoirs  are  a  necessary  and  indispensable  adjunct  to 
irrigation  development,  as  well  as  to  the  utilization  of  power,  requires  no 
argument  to  prove.  That  they  will  continue  to  become  more  and  more 
necessary  to  our  Western  civilization  is  equally  sure  and  certain;  but  the 
signs  of  the  times  seem  to  point  to  the  inevitable  necessity  of  governmental 
control  in  their  construction,  ownership,  and  administration.  Those  which 
private  capital  may  undertake  should  only  be  permitted  to  be  erected  under 
the  most  rigid  governmental  supervision,  to  assure  their  absolute  safety. 
Many  reservoirs  are  needed  for  the  development  of  the  arid  regions  which 
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are  of  too  great  a  magnitade  to  be  andertaken  by  private  capital  or  organized 
individaal  effort.  In  everj  other  country  such  works  are  undertaken  by 
the  national  government.  In  general  it  may  be  said  that  the  lands  which 
would  be  benefited  by  such  works  in  arid  America  belong  to  the  govern- 
ment. To  make  these  lands  productive  and  capable  of  sustaining  popula- 
tion, the  government  of  the  United  States  should  undertake  their  reclamation 
and  construct  and  administer  the  reservoirs.  That  such  a  policy  will  ere 
long  be  inaugurated  seems  inevitable.  The  purpose  of  this  work  is  to 
familiarize  the  public  with  the  details  of  construction  and  the  general 
features  of  interest  appertaining  to  the  principal  reservoirs  constructed  or 
projected  in  the  Western  States  and  Territories  which  have  come  within  the 
knowledge  or  observation  of  the  writer,  describing  in  a  popular  way  their 
characteristics,  their  water-supply,  the  results  accomplished  or  sought  to 
be  accomplished  by  them,  and  the  methods  and  materials  employed  in  the 
construction  of  the  dams  which  form  them. 
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CHAPTER  I. 

ROCK-FILL  DAMS. 

The  natural  fertility  of  resoarce  in  the  American  people  has  led  to 
many  novel  experiments  in  the  constrnction  of  dams  to  adapt  them  to  the 
materials  most  conveniently  available,  and  this  has  resulted  in  the  develop- 
ment of  nomeroos  interesting  types.  Among  these  the  most  conspicoonB 
are  the  rock-fill  dams,  which  may  be  said  to  have  originated  about  the  middle 
of  the  last  century  in  the  mining  region  of  California,  where  dams  were 
built  in  remote  and  almost  inaccessible  locations,  to  which  the  transporta- 
tion of  cement  was  impracticable.  These  were  considered  to  be  of  a  tem- 
porary nature,  where  dams  of  permanent  masonry  were  not  warranted^ 
but  where  a  water-supply  for  mining  purposes  needed  to  be  impounded. 
They  began  with  timber  or  log  cribs  filled  with  loose  stone.  Their  next 
stage  was  an  embankment  of  loose  stone  a  portion  of  which  was  laid  up 
as  a  dry  v  all,  with  a  facing  of  two  or  more  thicknesses  of  plank  to  secure 
water-tightness.  The  latter  type  has  proven  so  serviceable  that  it  is  still 
regarded  as  one  of  the  most  desirable  classes  of  dam  that  can  be  built, 
where  economy  is  of  prime  consideration.  In  the  attempt  to  secure  a 
greater  degree  of  durability  other  types  have  been  developed  as  follows: 

1.  Rock-fill  dams  with  a  vertical  central  core  of  steel  plates,  protected 
with  a  coating  of  asphaltum  and  burlap,  and  supported  by  thin  concrete 
walls  on  each  side. 

2.  Rock-fill  dams  with  a  facing  of  steel  plates  riveted  to  I-beams  laid 
on  the  inner  slope  of  the  embankment  at  an  angle  varying  from  about  20°^ 
off  the  vertical  to  about  45°,  the  wall  being  hand-laid  to  a  sufficient  thick- 
aess  to  give  requisite  stability. 

3.  Rock-fill  dams,  with  face  of  masonry,  built  vertically  or  slightly 
incUned,  backed  with  earth  or  rock,  and  protected  on  the  lower  slope  by 
a  covering  of  stone  laid  in  mortar. 

4.  Rock-fill  dams  with  facing  of  Portland  cement-concrete,  either  re- 
inforced with  steel  rods  or  expanded  metal,  or  without  such  reinforcement* 

5.  Rock-fill  dams  with  facing  of  earth. 
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6.  Rock-fill  dams  with  inner  core-wall  of  wood,  faced  with  earth  sluiced 
in  position,  filling  the  voids  in  the  rock  above  the  wood  partition;  gener- 
ally called  the  "combination  rock-fill  and  hydraulic-fill  dam." 

7.  Rock-fill  with  facing  of  concrete. 

Existing  examples  of  these  various  types  and  their  variations  will  be 
considered  in  the  following  pages. 

The  Escondido  District  Dam,  California. — Few  of  the  irrigation  districts 
organized  in  California  under  the  well-known  Wright  law  have  been  suc- 


FiG.  1. — Map  of  Escondido  Iurioation  Dtstuict  and  Systkm  of  Works. 


cessfal  in  accomplishing  the  purpose  of  their  organization,  and  many 
disastroas  and  lamentable  failures  have  to  be  recorded  in  the  practical 
operation  of  a  law  which,  at  one  time,  was  looked  npon  as  a  wise  and 
feasible  measure  for  the  general  irrigation  of  the  arid  lands  of  the  States. 
Among  the  very  few  that  succeeded  in  selling  bonds  and  constructing  a 
storage- reservoir  and  distributory  system  is  the  Escondido  district  in  the 
northern  portion  of  San  Diego  County.  The  district  (Fig.  1)  is  in  a  valley 
whose  description  is  implied  by  its  Spanish  name,  Escondido — hidden.  It 
is  surrounded  by  mountains  and  embraces  13,000  acres.  The  storage-dam 
supplying  the  district  is  located  on  the  Von  Segern  branch  of  San  Elijo 


4  RESERVOIRS    FOR    IRRIGATION,  WATER-POWER,  ETC. 

Creek,  which  passes  through  the  town  of  Escondido.  It  is  aboat  two  miles 
east  of  the  district  at  its  nearest  point,  and  at  an  elevation  of  1300  feet 
above  sea-level,  or  about  050  feet  above  the  town. 

The  immediate  watershed  tributary  to  the  reservoir  measures  about 
8  square  miles,  which  in  that  region  affords  insufficient  run-off  to  fill  the 
reservoir,  although  adding  materially  to  it  at  times  of  heavy  rainfall. 
Hence  the  main  supply  had  to  be  brought  to  it  from  the  San  Luis  Rey 
River,  the  nearest  stream  to  the  north,  by  a  conduit  which  taps  the  river  at 
an  altitude  of  IGOO  feet,  in  a  wild,  rocky  canjon,  which  is  almost  inaccessi- 
ble by  reason  of  its  roughness.  The  conduit  has  a  capacity  of  28  second- 
feet,  and  is  5.6  miles  long,  consisting  of  07,287  feet  of  ditch  built  along  the 
ragged  mountain-side  (see  Fig.  2),  14,142  feet  of  flume,  and  80G  feet  of 
tunnel.  The  intake  is  made  by  a  tunnel  350  feet  long,  heading  in  the  river 
3  feet  below  low-water  level,  while  at  the  other  end  the  rim  of  the  reservoir- 
basin  is  pierced  by  a  second  tunnel  450  feet  long.  .  This  tunnel  discharges, 
into  a  ravine  leading  down  to  the  dam,  3.}  miles  below.  The  intake  tunnel 
is  cut  through  solid  granite,  which  is  excavated  below  grade  at  its  lower 
end  to  form  a  settling-basin,  in  which  sand  accumulates  &t  the  rate  of  about 
1000  cubic  feet  daily.  This  is  sluiced  back  into  the  river  by  the  opening  of 
a  side  outlet-gate.  By  this  means  the  water  of  the  conduit  is  kept  com- 
paratively clear  and  but  little  sediment  has  accumulated  in  the  reservoir. 

The  upper  8000  feet  of  the  conduit  consists  of  a  flume  (Fig.  3),  sup- 
ported on  posts  on  the  sides  of  a  rugged  canyon,  which  in  places  presents  & 
vertical  face  of  considerable  height.  The  lumber  of  this  flume  was  hauled 
by  a  roundabout  road  to  a  bluff  on  the  opposite  side  and  GOO  feet  above  the 
river-bed,  whence  it  was  transported  by  a  wire  cable  with  a  span  of  1500^ 
feet  by  means  of  a  trolley  manipulated  by  hand  windlass  and  rope.  At 
other  points  the  lumber  was  hoisted  to  the  line  by  horse-power,  by  means 
of  a  car  and  portable  track  several  hundred  feet  in  height.  The  flumea 
are  mainly  4  feet  wide  by  3  feet  deep,  and  the  ditch  is  excavated  with  & 
bottom  width  of  5  feet  and  side  slopes  of  1  on  1,  the  minimum  excavation 
on  the  lower  side  being  about  3  feet.  The  formation  throughout  that 
region  is  granitic,  partially  decomposed,  the  disintegration  of  the  rock 
forming  a  few  feet  of  soil,  from  which  protrude  large  bowlders  of  very  hard 
granite  embedded  in  softer  rock  in  situ. 

The  total  cost  of  the  conduit  was  «Jll6,328.00,  or  l?1.29  per  foot  for 
construction  and  engineering,  and  12  cents  per  foot  for  right  of  way,  com- 
missions, etc.  The  conduit  is  capable  of  filling  the  reservoir  to  its  present 
capacity  in  a  little  over  sixty  days  when  running  to  its  full  capacity. 
Should  the  dam  be  completed  to  the  height  of  110  feet  as  it  has  been  pro- 
jected, the  conduit  would  require  to  run  full  for  rather  more  than  six 
months  to  fill  the  enlarged  reservoir. 

In  seasons  when  the  precipitation  exceeds  20  inches  the  run-off  from  the 
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itninediate  watergbed  above  the  dam  ia  alone  expected  to  M  the  reservoir 
m  at  present  const rnc ted.  For  the  preservation  of  the  main  conduit,  of 
which  nearly  20^  is  wooden  flume  which  ahonld  be  kept  wet  for  proper 
maintenance,  it  would  be  desirable  to  maintain  a  flow  of  water  through  it 
the  entire  season.     For  this  pnrpose  tbe  construction  of  an  apxiliarj  reser- 


Fro,  8*— FfiEDeE  CoKDtriT  of  Es(ttMjji>ir  Iiau«,ATroN  Distiuct. 


voir  at  tbe  bead  of  the  conduit  is  regarded  as  one  of  the  moet  desirable  of 
the  projected  improvements  to  tbe  ajstem.  A  very  capacious  reaervoir-site 
exists  at  Warner's  Ranch,  15  miles  above  the  head  of  the  canal,  where  the 
drainage  of  310  square  miles  of  watershed  may  be  impounded.  A  much 
greater  volume  of  water  can  here  he  stored  than  would  be  needed  bj  the 
district  In  fact  the  capacity  of  a  reservoir  with  a  dam  100  feet  high  at 
this  point  would  be  193^300  acre-feet,  covering  5535  acres,  which  is  far 
beyond  the  probable  yield  of  the  watershed  iu  yeara  of  maximnm  rainfall, 


TB—nnihlT  iniMT-tiglit.  It  is  7f>  feet  hi^h,  aSO  feet  lonfr  on  top,  100  feet 
on  bottimu  with  a  beee  of  140  feeu  and  a  thicknew  at  the  ct«4  of  10  feet. 
A  epillwaT  has  been  excsraied  at  the  north  end  on  the  right  bank  of  the 
TCBervoir,  in  solid  rodL,  2«^  feet  wide,  its  hottom  hein|r  at  the  Tl-foot 
coutonr,  or  5  feet  below  the  crest  of  the  dam.  This  is  left  open  and 
unofaBtmctied,  altfaoogh  it  has  been  cnetomary  near  the  end  of  the  rainv 
eeaeon  to  bnild  a  barrier  of  sand-hap:  across  it  in  order  to  impound  a  (rrealer 
depth  of  water,  after  the  dan|rer  of  floods  is  presnnied  to  be  over. 

The  Blopes  of  the  dam  are  ^  to  1  on  the  water-facie,  and  on  the  back 
1  to  1  for  half  the  height,  flattening  to  1|  t/>  1  from  mid-height  to  baee. 
The  cnbicol  contents  are  »^T,159  cubic  yards,  of  which  6000  yarde  i^'ere 
hand-laid  in  conraeB  of  dry  rubble  on  the  face,  the  thickness  of  the  wall 
being  15  feet  at  bottom,  and  h  feet  at  ton.  The  remainder  consists  of 
loose,  angular  blocks  of  gxmnite,  of  all  sizes  up  to  4  tons  weight  (Fig.  ,S>^ 
which  were  looeelr  dumped  from  cars  and  placed  to  some  extent  with 
dcarricks.  ^o  small  qnarry-spswls  or  earth  were  nsed,  and  the  resnlt  is  a 
dean  rock-flll,  which  has  not  settled  more  than  three  inches  since  its  final 
compiletion.  Xo  large  ledges  affording  well-deflned  quarries  of  any  con* 
siderable  extent  were  uncovered  in  the  conrse  of  construction,  but  all  the 
material  was  taken  from  scattered  bowlders  and  rock-masses  protruding  on 
either  side  of  the  canyon  above  and  helow  the  dam  for  a  distance  of  ^i('H'> 
feet  TemporuT  tramways  were  built  at  different  levels  on  either  side,  as 
the  dam  rose  in  height,  so  arranged  as  t^  permit  the  cars  to  run  to  the  dawi 
by  gravity,  the  empty  cars  lieing  hauled  hack  by  horses.  These  tcscks  i^-ece 
csrried  across  the  dam  on  elevated  trestles,  the  p<'>sts  of  which  remain  buried 
in  the  embankment.  This  arrangement  involved  the  pushing  of  the  oars 
across  the  trestle  by  hand,  which  was  a  slow  and  expensive  process.  The 
entire  method  of  work  was  costly  and  inconvenient  compai^sd  with  the 
modem  systems  of  cableway  transportation  of  such  materials. 

In  stripping  the  foundations  bed-rock  was  found  about  4  feet  Mow  the 
bed  of  the  cmek^  nearly  level  across  the  canyon  from  side  to  side.  The  top 
soil  was  removed  over  the  entire  base  of  the  dam  and  the  fllling  of  rock 
pboed  directly  upon  the  granite  foundation.  The  bed-rock  was  of  the 
formaticm  described  as  prevailing  along  the  main  condnit,  which  is  a 
common  characteristic  of  southern  California,  and  consists  of  disintegrate^! 
gnnite  holding  hard  bowlders  indiscriminately  thixvngh  it  The  formation 
is  not  imperrioos  to  water^  and  for  that  reason  is  not  oonsideretl  a  desirable 
or  satisfactoTT  foundation  for  a  heavy  masonry  dam  becanse  of  the  resultant 
npward  pressore  on  the  base  due  to  that  condition,  but  for  a  rock-till  strnc* 
tare  of  this  class  it  is  unobjectionable.  Into  this  bed-Tx>ck  a  tre^nch  was 
excavated  at  the  upper  toe  of  the  dam,  fix>m  3  to  V^  feet  deep^  which  was 
refilled  with  rubble  masonry  5  feet  thick^  laid  in  Portland -cement  mortar. 
Into  this  masonry  was  embeddeil   the    plank    facing,    which   was    thus 
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oosmectod  iH  mronnd  the  toe  wiib  the  sanjou  ir&Ils  and  bed.  Tbe  dir  ▼all 
fcMnung  the  upper  face  of  the  d&m  was  bo  Uii  as  to  embed  in  its  snrfaoe  a 
Berifls  of  redwood  timboTB,  €  '  X  6  in  size,  pboed  in  Tertical  parallel  lines, 
5  feet  4  inches  apart  between  centers.  Tneae  timb^en  projected  2  inches 
berond  the  faoe  of  the  wall,  und  the  planks  were  spiked  to  them.  As  each 
row  of  plank  was  put  in  position,  beginning  ftt  the  bottom,  concrete  was 
rajDined  into  the  '2-: nth  spaoe  between  the  plank  and  the  face  of  the  wall, 
giving  a  fsll  bearing  for  the  plank  throsgbont.  This  prorision  was 
oertainlj  a  wise  one.  aiid  so  far  as  the  writer  is  informed  was  never  employed 
before  in  the  dams  of  tbis  clas  previonslj  oonstracted.  On  the  lower  third 
of  the  daan  the  facing  plank  are  S  inches  thick,  on  the  middle  third 
2  inebea,  and  on  the  Lpfier  third  1^  inches,  all  being  doubled  thronghont 
Joints  were  broken  as  far  as  possible,  both  at  the  Teriical  and  the  horizontal 
seams,  br  the  second  lajer.  and  thej  were  calked  with  oaknm  and  smeared 
with  hot  asphali:im. 

Springs  of  water  were  developed  in  the  excavation  of  the  foundation  to 
the  extent  of  30. '»j  to  40,'»J  gallons  per  daj,  constant  flow.  These  were 
led  oat  bj  p:pes  to  the  onter  toe.  The  leakage  thro:igh  the  dam  when 
filled  to  the  4T-fc»t  lerel  was  fonnd  to  l»e  13<j.«>v»  gallons  didlj.  exclnsire 
of  the  ^rings.  This  increased  to  45«>j»>  gallons  dailj  when  the  reservoir 
filled  to  the  toju  Ii  is  not  kno«^  whether  this  leakii^  comes  through  the 
joints  of  the  facing  or  T«rcoliitei  through  the  disintegrated  granite  beneath 
the  dam.  WiiateTer  mar  be  its  origin,  it  is  entirelr  harmless  as  far  as  can 
be  obseTTei.  and  is  not  a  so::r:e  of  anxiety.  In  the  winter  months  when 
irrigation  is  Z;Ot  req:::rei  tlis  leikkag^ water  is  used  for  domestic  seriioe, 
and  tiie  whole  of  it  is  as  all  t::nes  p:?ked  np  by  the  direrting^am  and 
carried  into  the  cls:rib-:t:Lg  sjstem.  Uence  i:  occasions  no  direct  loss  of 
vaier.  WbLe  tils  k3i>-n:  of  leakage  woiili  be  dangerous  to  an  earth  dam. 
and  even  :n  a  mason rr  srr::?ture  would  iniicate  the  existence  of  an  upward 
pmsare  that  m:gi;t  eLiai-ger  its  s-^bilitr  If  the  section  were  too  light,  yet 
in  a  work  of  this  nit-re  trie  -ira-Lige  through  the  oper..  Ix^se  ro:?k  is  so 
perfect  thai  ibe  grarity  of  the  ir^ass  is  no:  lessenei  or  distu.-bei  by  it,  and 
no  eerioas  onsequen?*  can  be  a:i:!:!r»itei. 

The  fA'-iig-plAnks  Lire  breL  carr:-j  up  .3  f-e:  higher  than  the  top  of 
the  n>?k-f II  as  a  wjive  proteciior:,  sj  thit  t^e  extreme  crest  .s  ;*  feet  abore 
the  f o>r  of  the  spFllway  as  sho^L  Ij  the  section  iltusirate-i  in  Fig.  r>. 

Tie  ouCe-t  was  orlgir.illy  iesigriei  id  be  cjutrollei  by  means  of  a  lower, 
the  founia;:o:.§  of  w.iiL  were  I^ii  a:  the  upper  to*  of  the  dam  near  the 
sozth  en-,  but  tie  pl^n  w^,?  cr.aLgei  ani  a  g.'^ting  plaeei  orer  the  "ciase  of 
the  nnSni?h»i  Vj^*::  a  fe^  fee:  a\  .Te  the  gate  corenng  the  outlet-  The 
gate  is  of  cast  ::oi  wi: .  hrjis  fi?;Lr5.  set  in  a  frame,  also  face!  with  brass, 
and  bolted  t>  the  c^r.-ir oi  o-T'.e:.  1:  is  set  at  the  incline  of  the  upper 
•lope  and  ij  eon:ro;ie*i  \^j  a  \'j'^z  ro:  resting  in  guides  at  fre-iaent  interrals, 


Fig    6.— Plans  and  Profiles  of  Escondido  Dam. 
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iu&tmi^  to  the  wooden  facing,  and  leading  to  a  worm-geiar  placed  at  a  con- 
Tenient  height  aboTe  the  top  of  the  dun  (Fig.  T).  The  OQtlet>pipe  i«  t4 
inches  in  diameter,  consisting  of  a  cast-iron  elbow  connecting  with  vitrified 


Fig.  7.— Details  of  Gate  of  Escondido  Dam. 

sewer-pipe  of  ordinary  weight,  laid  in  a  trench  cut  in  the  bed-rock  and 
embedded  in  concrete,  which  covers  it  fully  Vi  inches  in  depth. 

The  total  cost  of  the  dam  under  the  contract  was  t8(>,94G.2l,  or  127.82 
per  acre-foot  of  reservoir  capacity  below  the  spillway  level.     The  land  for 
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the  site  cost  in  addition  I23,112.SS,  iocladirig  clearing.  The  total  coet 
was  therefore  tl  10,059.09,  or  *3S.41  per  acre-foot  of  capacity.  The 
prices  paid  were  nnasaallj  high  for  so  eh  work,  and  were  the  following  per 
cabic  yard:  earth  excavation,  30  cents;  rock  excavation,  $1.10;  rock-fill, 
♦1.50;  dry  atone  masonry,  $3.75;  rubble  masonry  in  cement  mortar,  18; 
concrete,  #14;  lamber,  #50  per  thousand  feet  board  meaiure. 

The  detail  of  this  work  is  given  with  special  fullness,  as  it  is  the  first 
rock-fill  dam  to  be  constructed  in  California  for  irrigation  storage,  and  is 
of  a  type  which  Is  likely  to  be  employe<^l  quite  commonly  in  the  future  in 
localities  l)etter  adaptor]  fr)r  its  use  than  in  this  particular  case,  where 
stone  was  comparatively  scarce  in  the  immediate  vicinity  of  the  dam. 

The  works  of  the  district  summarize  in  cost  as  follows: 

Main  feeder  conduit $1 16.32S.60 

Dam  and  reser\oir 110.059.09 

Distribution  systr-m 85,727.80 

Totfil $312,115.49 

The  catchment  of  the  reservoir  has  been  approximately  as  follows: 

1895,  48    feet  depth  =     8S0  uo\  -  f    •■ 

1896,60      ''       ''     =   1925 

1397,  74      *'       ''     =   3700 

1898,59.5  ''       **     =    imo 

1899,47     '*       "     =     830 

Total 8335  acre-feet,  or  an  average  of  1667  per  annum. 

Lower  Otay  Rock-fill  Steel-core  Dam,  California. — One  of  the  most 
interesting  of  all  the  rock-fill  types  of  dam  yet  constructed  is  locate<l  on 
Otay  Creek,  San  Diego  County,  California,  22  miles  southeast  of  San 
Diego,  10  miles  back  from  the  coast,  and  not  more  than  5  miles  from  the 
Mexican  boundary-line.  It  forms  the  lower  one  of  a  series  of  four 
mammoth  dams  projected  by  the  Southern  California  Mountain  Water 
Company,  to  im])ound  water  for  the  nmnicipalities  of  San  Diego  and 
Coronado  and  for  the  irrigation  of  an  extensive  area  of  f rostless  mesa  lands 
adapted  to  citrus-fruit  culture,  reaching  from  the  Mexican  border  north- 
ward to  San  Diego,  including  the  peninsula  of  Coronado,  and  for  the 
domestic  supply  of  the  villages  and  towns  within  reach  of  the  distributing 
system  to  be  built  from  the  reservoir.  The  Lower  Otay  dam  was  com- 
pleted in  .Vu^ist,  1807. 

The  Otay  Creek,  at  the  point  selected  for  the  dam,  cuts  through  the 
great  dike  of  porphyr}'  which  traverses  San  Diego  County  from  north  to 
south  nearly  parallel  with  the  coast-line.  This  dike  in  places  is  10  miles 
or  more  in  width,  and  at  others  less  than  1  mile,  and  occupies  the  middle 
ground  between  the  granite  formation  lying  east  of  it,  and  the  mesa  forma- 


tnou  ipixK^  s ML  j=wi-iBr  ssriT" 'sf  "amil,  "T  :»  Ii>  itiks  ^v*i5i^  ^?^^  ^«wnibl 
is«  juc^&vTj  £^  silt  ih^  sifiet  tl  liiir  Pasc^.     T^  itMitt  5Draitfi3iiL  as 

jhZ  fibioef  rf  fifiZ  t-ioL  ruikX  ii/.  svajir  jjuou  Tit*  i»  St^nj£  ^jl  ii^ri  rnr^  viii» 

£T*Thj.  visatftLi  rari-ii:r  ^jflfcx^i^^  rai  :ir;k«t  ^^7  xiawcvimi  ixn  iiiiia»  ▼:iii 
-rrfizasjic.  *(!  3^'Ijsl  ziikj       Z'la-  i,ipw«  jcrcrcsinxtf'  ^  la*  r^bt  f «»  id* 

«2«r£iiix  fi:5K  f:c  ibf  li:v*jr  v»:jit,  tj*  Vtoht  \*tikT^  i^«r  >irt«<rfraiwe  jki^l 

•djaL  i^  'P::i2ix  &  5i^w  1  XT?irjc  f f^  :'  --bf  'V'ftja^n  '..tlii  ^  iir»  £;i^*,  j»s:;£  Sii 
lufl  i»  cur-LifC  1XT.2K3L  Cu  li*  r«aftrr,*i-r  A'^:ui>  :i  «i::::vor  42..*  vsi?  t^xcs&rjiiiic 

beiCKise  -c^  IM  sfc22sffcK;:cT  .-cjiTirfX-r  cif  i^*  >«»i-r^vi  f vXtai43o«K^  Arc  d» 

of  >.<  f«ei  j^c-T*  i»rp.  '«"',ii:  s  ItrjTsi  c^  l>r  i-^f  S?  f<«M.  A  ^nev  <>5  1^5*  wc)l 
IS  fijovTi  in  F:^.  II. 

Wlaeitri«-  tbe  cr.ir.re  :::  tIat  frof:::  rL:Jks»c..:r  to  r\v£«fL  w:;i:  «««e!l  <v^^ 

c«et  ol  <:zsiT^r..:*z.  Lis  ::>;  ri»r.  r..i.:e  p:.K\\  or  wb^ib^r  ihi^r^  s^kT  b* 
grcvrads  ft>r  r\rre:  ibis  the  cbj^Lr*  ^a5  n:*.:*  CA3ir:v^  Se  kr.owr,  r,:::^*  ifc* 
siaibiiitT  of  ih*  i^'.ric'r:::^  :?  f  ::*'t  :*>:ied  bj  :he  Ijo^ie  i>f  t:!ae.  The  :yt5*rrx\jr 
hits  Dever  nlied  fcr^.^e  :he  v-^oir.rWrlv  r.     i  ::.o    lAr...  Ai:i   u:,::.  ;•  i<  t:4kvl 

wesknes?  or  ejaeci>:vr  leokiio,  :V-e  ^Uv-vvss  c:  :ho  n.n>^I  lUVii:!  v^r^r.ot 
be  known.  Me^ni^n^e  :he  eni:i:::^«en::i:  rrvfe^.on  wiU  o:i:or;A;r*  iho 
liveiies*  inieressi  in  :he  -ievelo: -^^er.:  .•:  :h:>  :.v^YeI  :y;x*  o:  dAir..  which, 
if  s'jwessfu],  will  ccr:^iirily  h:4ve  w:ie  iip:^'::v\^;ion  10  oiher  sd;o:?  where 
the  choice  of  maTer:.V;  has  :\  ::i.^Te  l:!::::ov:  rar.pt\  The  orwi::  fv>r 
onpn^iins  the  iiie^a  oi  1:  akini:  a  rvX'k-r.l-  vi,->i:i  \vs:er-i:gh;  by  iivi^>iiini: 
in  iu  center  a  wel^-phiie  ^f  <:ee;.  falling  ;he  enure  cr\\s>-M.v:ion  v^i 
the  canyon  from  siiie  :o  siie.  sr. }  :\>r  puTtjng  it  in  apphoaTion  on  h 
larse  scale,  bek»n£<  t<»  the  ivniiOr  p:v!>ivie:iT  of  the  waier  lv:r.J^any, 
Mr.  E.  S.  BabcLH^k.  of  ^:ln  Diesro.     When  tli:j^  plan  was  vkvivioii  ujx>n  a 
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heavy  T  iron  was  ancbored  to  the  top  of  the  finished  masonry  fonnddtioQ 
by  l-inch  bolti,  aet  in  the  maaonry.  The  Tertical  leg  of  the  T  was  ptmched 
with  |-jnch  riTet-holes»  apaced  .3  inches  center  to  center,  and  the  bottom 
p1at«s  riveted  to  it.  The  platen  were  5  feet  wide,  and  17.5  feet  lon^,  and 
the  three  bottom  conraea  were  0.33  inch  thick.  From  28  to  50  feel  high 
they  are  i  inch  thick^  and  abo?e  50  feet  they  are  S  feet  wide,  20  feet  long, 
and  lessening  io  thickness  as  the  top  is  approached.     After  riveting  the 


Fia.  U  —  Mas^ukry  FooMnATioN  of  Lowek  Or  ay  IUm. 


plates  together  with  hot  rivets  they  were  chipped  and  calked  on  the  side 
next  to  the  water,  and  coated  with  Alcatraz  asphalt,  F  grade,  applied  hot 
with  brushes.  Over  this  coat  a  lajer  of  bnrlap  was  placed  ou  eiich  eiie  of 
the  plateif  white  the  asphalt  was  stilt  hot.  This  adhered  tightly  to  the 
plate  and  served  to  hold  the  soft  asphalt  from  flowing.  A  Imrder  gratle  of 
asphalt  was  subsequently  put  on  over  the  bnrlap,  and  the  whole  then 
encaaed  in  a  rubble -masonry  wait  laid  with  Portland-cement  concrete,  2  feet 
thick,  the  steel  plate  being  in  the  centre.     This  wall  at  base  is  G  feet  thick, 
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tapering  to  2  feet  in  a  height  of  8  feet  The  nioalde  for  the  cancrete,  con- 
eistiQg  of  l-juch  boards  laid  horizontally  aod  2  X  0-inch  vertical  posts,  were 
left  m  position  permanently  aud  the  rock-fill  built  against  them  on  either 
Bide.  The  ateel  core,  or  web-plat€,  wag  carried  into  the  side  walla  of  the 
canyon  in  a  trench  excavated  to  tlie  depth  necessary  to  reach  solid  rock  and 
anchored  with  bolts  leaded  into  the  rook.  The  end  platea  were  not  trimmed 
to  fit  the  irregular  line  of  the  rock  cuttln^^  but  the  masonry  was  widened 
to  a  maximum  tbickaesa  of  20  feet  at  tlie  sides,  tttperiog  from  the  normal 
thickness  of  2  feet  in  a  distance  of  about  20  feet  Fig.  14  shows  the  trench 
on  the  right  bank  about  at  the  40-foot  contour*  The  function  of  the  wall 
13  to  steady  and  etiifen  the  web-plate  and  protect  it  from  injury  from  the 
loose  rock  piled  against  it,  and  as  the  wooden  moulds  were  not  removed  the 
embankment  u  free  to  settle  without  inj tiring  the  concrete  or  the  plates. 

The  expansion  of  the  plates  after  they  were  riveted  together,  and  the 
obtuse  angle  up-stream  on  which  they  were  first  started,  which  gradually 
was  obliterated  by  an  approach  to  a  etraight  line  toward  the  tup  of  the 
dam,  gave  them  a  very  irregular  alignment,  as  will  be  seen  in  Fig.  13,  which 
IS  a  view  looking  along  the  top  of  the  dam  toward  the  left  hank  just  before 
its  completion. 

The  dam  is  a  looiCj  rock-fill  embankment,  lying  as  it  was  dumped, 
without  any  portion  of  it,  except  the  2-foot  core-wall,  being  laid  by  hand. 
In  this  respect  it  differs  from  its  predecespors  of  the  same  type,  which  have 
been  built  with  a  conEiderahle  proportion  of  tbeir  slopes  on  the  water-side 
laid  up  as  a  dry  walh  It  was  designed  to  be  20  feet  wide  at  top,  with  side 
slopes  of  1 1  on  1  on  each  side.  When  work  was  suspended  the  np-stream 
slope,  composed  of  tlie  finer  grades  of  materials  coming  from  the  quurry, 
had  assumed  about  the  slope  stated,  but  the  lower  slope  was  steeper  and 
stands  about  1  to  1,  while  the  top  width  i^  from  9  to  12  feet.  When 
visited  by  the  writer  in  September,  1899,  the  material  excavated  from  the 
spillway  cut  was  being  damped  on  the  tipper  slope  and  the  top  width 
increased^  The  spillway  is  located  some  few  hundred  feet  from  the  east 
end  of  the  dam,  and  will  consist  of  a  channel  30  feet  wide^  300  feet  long, 
with  a  maxim nm  depth  of  30  feet,  cut  in  the  rock  to  a  depth  of  10  feet 
below  the  crest  of  the  dam.  The  depth  of  water  will  be  controlled  by 
flash' boards  resting  at  an  angle  of  30**,  between  channel-iron  frames  placed 
5  feet  apart  A  wagon-bridge  will  be  bnilc  over  the  top  of  these  frames, 
from  which  full  control  of  the  flash-boards  will  be  had.  The  discbarge  of 
the  spillway  will  reach  the  creek  channel  several  hnndred  feet  below  the 
toe  of  the  embankment. 

The  entire  volume  of  stone  need  in  the  work,  approximately  180,000 
eubic  yards,  was  quarried  immediately  below  the  dam  on  the  right  bank, 
and  was  transported  from  the  quarry  by  means  of  a  Lidgerwood  cableway* 
the  cable  having  a  diameter  of  2^  inches,  and  a  span  of  948  feet  between 
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towers,  croaeing  the  canyon  diagonftlly,  at  an  angle  of  aboul  60^  with  thfr 
axis  of  the  dam*  The  head  tower  was  130  feet  high,  the  tail  tower  down- 
stream 60  feet  high,  the  tops  being  piactically  lerel^  ^^^  &  direct  line 
between  them  crossed  the  aide  of  the  dam  260  feet  above  the  bed  of  the 
stream.  The  cable  way  had  a  gnaranteed  capacity  of  10  tons*  center  load, 
ander  which  its  deffection  wad  88  feet,  or  42  feet  higher  than  the  top  of  the 


^^T 


TtQ.  16,— Crest  ok  Lowku  Otay  Dam,  ^mowing  Wkb-plate  of  Stesl  SMBBDnsi^ 

JN   CONtHRTE,      Dam   M.aHJKG  CuSiPLETlON. 


dam,  up  to  the  height  of  75  feet  the  rock  dnmped  nnder  the  line  of  the 
cable  was  distribnted  by  means  of  derricks,  but  siibsef|uently  a  secondary 
cableway  was  erected  parallel  with  the  tine  of  the  dam,  underneath  the 
main  cable.  This  was  anchoretl  at  each  end  to  heavily  ballasted  cars  reat- 
ing  <m  trackSj  which  permitted  the  cable  to  be  shifted  30  feet,  or  15  feel 
either  side  of  the  center  of  the  dam.  The  loaded  skips  from  the  qnarry 
brought  to  the  dam  by  the  overhead  cable  were  picked  np  by  the  aecondary 
cabte  and  carried  to  any  point  desired  along  the  line  of  the  dam.  Toolip 
materials,  derricks,  35-H,P.  botsting-engines,  and  all  other  articlea  reqnired 
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Fio.  17.— Hap  of  Lowbb  Otat  Rbsbrtoiiu 


24  RESiERVOlRS   FOR    IRRIGATtOS,  WATER-POWER,  ETC. 

t6  be  mo7ed  from  one  position  to  mother  were  haaleii  rapLilIj  sad  aifelj  bj 
meiuiii  of  thesie  cahlewajf!,  and  not  infreqaeatlj  the  empiojeeajxreferred  the 
aerial  jonmey  acTo»»a  the  cuijon  bj  the  cahlexaj  to  the  more  laborious 
elimh  o^er  the  tr^Ti*.  Fig.  H  illiatricea  the  ges-eral  plan  of  the  dam,  with 
a  ^To*»-"?ection  of  :he  *ice  ar.d  detalU  of  the  oatiec  tannel. 

^tarru  —\\\  or  the  greati^r  por-ion  of  the  p:-?ic -i.-?^!  "^^as  I'»?eneii  in 
the  oriarrj  hj  verj  hearj  hLuca,  tne  unz  of  Trhi?h  waa  made  bj  driving  a 
tr:r*riel  -y'i  feet  into  the  f^ce  of  the  cli5  with  lateral  drifts,  IS  and  "iS  feet 
long  respect! Tel T.  In  the  ahorter  dnf:,  -fci>»  poiinis  of  Jadion  powder 
(containing  o^  n::ro-gijcerlnei  cnier  a  Tertictkl  depth  of  T'l»  feet,  and  in  the 
larger,  ^*»0  r*ojr;'ii  ^ri'ier  a  depth  of  '^o  feet,  were  eiplo«ied  aimaltaneoasly, 
which  reaalted  in  Ioo«ej.lr.g  and  thro'»'::ig  o:it  aboat  o^jjIm)  to  Toj»>  cabic 
jardj.  A  view  of  thii!  blast  taken  at  the  moment  of  eiplodion  is  shown  in 
Fig.  V.K  The  s^,otA  large  blast  was  prepared  bj  sinking  a  shaft  115  feet 
deep,  ^5  feet  V^tick  frorr^  the  nearlj  vertical  face  left  bj  the  first  blast.  At 
a  depth  of  50  frret  two  drif-.a  were  mn  laterally  a  distance  of  25  feet  each, 
and  at  the  Vy>ttom  of  the  shaft  two  more  drifts,  3'>  and  35  feet  long  respec- 
tively, were  extenJe'i  into  the  rock  toward  the  face  and  in  the  opposite 
direction,  and  the  fonr  holes  thos  preparel  were  loaded  with  30,«»)  poands 
of  powder,  of  which  the  greater  portion  was  located  in  the  bottom  drifts. 
This  blast  did  greater  execution  than  the  first,  and  supplied  safficient  rock 
to  complete  the  dam.  Minor  blasting  of  the  ordinary  class  was  necessary 
throaghout  the  work  to  break  up  ttie  larger  masses  to  sizes  that  coald  be 
handled  by  the  cableway.  The  quarry  being  near  the  lower  toe  of  the  dam, 
the  first  large  blast  filled  in  the  toe  with  large  bowlders,  some  of  which 
weij^hed  upwarls  of  50  tons,  and  a  subsequent  freshet,  pouring  over  and 
through  these  rocks,  scoured  out  the  sand  beneath  them  so  as  to  settle  them 
wfcll  to  bed-rock,  which  was  a  fortunate  occurrence. 

The  watershed  of  Otay  Creek  above  the  reservoir  is  about  100  square 
miUjs  in  area,  but  as  its  average  altitude  is  not  orer  l»jOn  feet  the  precipita- 
tion is  light  and  the  run-ofl  insutHcient  to  fill  the  reservoir  except  in  occa- 
sional years.  In  dry  seasons  there  is  no  flow  whatever.  The  catchment  in 
fofir  years  prior  to  September,  1>>00,  did  not  exceed  5<XX)  acre-feet.  To 
make  np  for  this  siiortage  in  supply  and  to  fill  the  reservoir  regularly  the 
coiripany  is  planning  to  divert  water  from  Cottonwood  Creek,  a  stream 
adjoiriing  on  the  south  which  drains  an  extensive  region  of  tiie  highest 
m'Mifit^in.'i  of  the  main  range.  This  stream  enters  Mexican  territory  and 
r^-tfirn.-j  agiiin,  emptying  into  the  sea  near  the  boundary-line,  where  it  is 
known  as  the  Tia  Juana  Kiver.  The  conduit  for  diverting  its  flow  will 
start  at  the  second  reservoir  of  the  system,  known  as  the  '*  Barrett  dam," 
at  an  elevation  of  80  feet  above  the  stream-bed,  or  about  1050  feet  above 
sea-level,  and  be  supported  along  tlie  southerly  slopes  of  Lyon's  Peak  to 
Dulziira  Pans,  where  the  divide  will  be  crossed  by  a  long  tunnel,  from  which 
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the  water  will  drop  into  the  east  fork  of  Otay  Creek  and  thence  to  Otay 
reservoir.  The  conduit  will  be  a  trifle  over  8  miles  in  lengthy  and  eonsiat 
of  a  succession  of  cement-lined  tunnels  in  granite.  To  regulate  the  flow 
of  the  stream  and  store  adciitional  water  the  company  have  under  con- 
etruction  two  dams  of  mammoth  size— the  Barrett  and  Morena,  the  latter 
having  been  projected  as  a  rock-fill  dam,  while  the  former  is  to  be  a  con- 
crete structure  of  gravity  type. 

SpUlwatf.-^The  spillway  excavated  at  the  east  end  of  the  dam  is  of 
liberal  dimensions  considering  the  limited  run-off  of  the  stream.  It  is 
cut  in  sohd  rock  for  a  riistance  of  400  feet,  is  40  feet  wide,  0  feet  deep, 
lineti  with  concrete.  The  reservoir  has  never  filled  higher  than  within  15 
feet  of  the  spillway  level,  or  109  feet  above  base.  This  height  was 
reachetl  during  the  winter  of  1006-7.  The  storage  at  that  height  is  about 
24,000  acre-feet,  or  64  per  cent  of  the  full  capacity  to  the  overflow  (37»460 
acre-feet).  When  the  water  reached  the  maximum  stage  a  small  leak 
appeai'ed  Iwlow  the  dam,  on  the  west  end,  20  feet  a]>ove  the  base^  meas- 
uring about  225,000  gallons  per  day. 

Outlef  Tumid, — There  are  no  pifves  or  oatlets  through  or  UDder  the 
dam  proper,  and  the  only  outlet  provided  is  a  circular  tunnel  through  a 
narrow  part  of  the  enclosing  ridge  1000  feet  west  of  the  dam.  This  ttmnel 
is  1150  feet  long,  the  bottom  of  which  is  at  the  48* foot  contour.  Below 
the  tunnel-level,  therefore,  as  will  be  seen  by  reference  to  the  table  of  reser- 
voir capacities  in  the  Appeodix,  there  remains  a  volume  of  water  of  approjti- 
mately  2000  acre-feet  (052,400,000  gallons),  covering  nearly  l*iO  acres  of 
surface  which  ca^i  never  be  drawn  off.  The  material  encountered  in  thia 
tiiunel  was  a  brown  hafd-pan,  resembling  marl,  and  cemented  gravel,  both 
bone-dry-  The  wester li  limit  of  the  porphyry  dike  is  between  the  tunnel 
and  the  dam.  For  500  feet  from  the  inner  heading  the  tannel  was  lined 
with  concrete  to  a  clear  circnlar  diameter  of  5  feet,  the  lining  being  VI  to 
18  inches  thick  and  plaeteied  with  cement  mortar.  At  the  end  of  thia 
section  a  shaft,  104  feet  in  depth,  reaches  to  the  surface.  Below  this  shaft 
a  48-inch  riveted  steel  pipe  is  laid  to  the  outside,  and  the  entire  annnlar 
space  between  the  pipe  and  the  walls  of  the  tunnel  is  flUed  with  concrete, 
with  a  minimum  thickness  of  12  inches.  This  pipe  was  put  together  in 
sections  of  3S  inches  in  length,  stovepipe  fashion,  the  insertion  at  ouch 
joint  being  2  to  3  inches.  The  joints  were  driven  as  closely  as  possible,  hut 
owing  to  the  sag  of  the  pipe  and  the  absence  of  careful  ramming  of  the 
concrete  at  the  bottom  of  the  joint  it  was  fouijid  on  completion  that  there 
were  cavities  which  rendered  it  impossible  to  calk  the  joints  from  the  inside 
and  make  them  water-tight  As  it  was  desirable  to  utilize  the  fall  depth 
of  the  reservoir  pressure  on  the  condnit  ontside  the  tunnel,  it  was  essential 
to  stop  the  leakage  in  the  pipe  lining  of  the  tunnel,  ami  a  plan  was  de- 
vised by  H.  N.   Savage,  M.  Am.  Soc.  C.  E,,  consulting  engineer  of  the 
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company,  to  do  this  by  means  of  threaded  "patch-bolts,"  tapped  into  the 
joints  at  inten^als  of  3  inches,  thus  drawinsr  the  plates  together.  When 
this  was  done  cement  px^xii  was  pumped  into  the  cavities  at  one 
of  the  bolt  holes,  an  inside  band  was  inserted  covering  the  heads  of  the 
patch-bolts,  and  the  snace  filled  with  cement.  The  location  of  this  tunnel- 
outlet  throup:h  the  hill  saved  a  mile  or  more  of  pipe-line  throusjh  the  canyon 
from  the  dam.  althoueh  th^  latter  mieht  have  been  cheaper.  The  main 
conduit  from  the  reservoir  to  San  Diego  consists  of  a  36"  and  42"  wood- 
stave  pipe,  20  miles  long,  operating  under  a  maximum  head  of  391  f  3et 
and  terminatiiig  in  the  city  reservoir,  on  University  Heights. 

The  Barrett  Dam. — The  middle  one  of  the  chain  of  three  great  reservoirs 
under  constraccion  by  the  Southern  Califoruia  Mountain  Water  Company 
19  locate  J  about  40  mi  lei  so  itheost  of  Sau  Diego,  and  about  6  miles  north 
of  the  Mexican  boundary,  at  an  altitude  of  about  1600  feet.  It  occupies  a 
singularly  valuable  strategic  position,  as  it  is  the  lowest  feasible  reservoir- 
site  on  the  stream  from  which  water  can  be  conveyed  by  gravity  conduits 
without  passing  through  Mexican  territory.  It  is  also  at  the  lowest  elevatio  i 
from  which  water  can  be  distributed  to  the  most  valuable  mesa  lands 
adjacent  to  the  coast,  and  at  the  same  time  it  is  low  enough  on  the  stream 
to  receive  the  run-off  from  the  greatest  area  of  mountain  watershed  avail- 
able for  any  reservoir  in  southern  California.  This  area  is  about  250  square 
miles.  The  precipitous  aud  rocky  character  of  this  watershed  insures  a 
maximum  average  run-off  and  catchment  in  years  of  normal  precipitation. 

In  1897  the  company  erected  a  masonry  dam,  shown  in  Fig.  20,  72 
feet  in  height  from  its  base,  which  is  22  feet  below  the  stream-bed,  to  its 
top  50  feet  above.  This  structure  rests  on  solid  granite  bed-rock  through- 
out, and  is  14  feet  thick  at  bottom,  5  feet  at  top,  and  about  30  feet  long 
on  the  crest.  This  was  to  be  used  simply  as  a  pick-up  weir  to  divert 
water  into  the  Dulzura  pass  conduit.  Subsequently  it  was  decided  to 
built  a  storage  dam,  similar  in  plan  to  that  of  the  Lower  Otay,  to  an 
extreme  height  of  175  feet,  and  a  now  location  was  chosen  about  1000 
feet  further  down  stream,  where  rock  could  be  more  conveniently  obtained 
for  a  rock-fill  structure.  Here  a  new  masonry  dam  was  built  in  1898, 
reaching  to  bed-rock  in  the  stream-b«Ml  and  extending  about  35  feet 
above,  upon  which  to  begin  the  sheet-steel  core  of  the  rock-fill.  The 
dimensions  were  as  follows: 

licngth  on  top 115  feet 

Thickness  at  base 30    *' 

*'   top  13     •' 

Its  cubical  contents  are  3100  cubic  yards,  and  there  were  consumed  in  its 
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construction  1777  barrels  of  cement.  An  outlet  tunnel,  8x8  feet  in  size, 
600  feet  long,  has  been  excavated  in  solid  rock  on  the  right  bank,  at  a 
height  of  80  feet  above  the  stream,  which  is  the  beginning  of  the  tunnel 
conduit  to  Dulzura  Pass.  Actual  work  upon  the  rock-fill  portion  of  the 
dam  was  never  started,  and  after  a  delay  of  several  years  plans  were 
prepared  for  a  dam  of  concrete,  and  work  of  stripping  begun.  This  de- 
veloped such  soft  material  on  the  south  side  of  the  canyon  above  the 
stream-bed  as  to  necessitate  some  material  modification  of  design,  which 
has  not  been  definitely  announced.  The  vast  importance  of  this  struc- 
ture as  the  key  to  the  entire  system,  not  only  for  storage  but  for  the 
diversion  of  water,  doubtless  emphasizes  the  necessity  for  unquestionable 
stability,  and  suggests  the  wisdom  of  relying  upon  masonry.  It  cannot 
be  claimed  for  rock-fill  dams  that  they  are  inherently  superior  to  masonry 
or  concrete  structures  of  heavy  gravity  section,  and  they  are  only  to  be 
preferred  as  a  substitute  where  natural  conditions  render  them  very 
much  cheaper,  and  hence  practicable  for  use  in  cases  where  the  greater 
cost  of  masonr>'  would  be  prohibitive. 

Watershed. — The  tributary  watershed  of  250  square  miles  ranges  in 
altitude  from  1600  to  6000  feet,  and  probably  averages  3600  feet.  The 
mean  precipitation  on  this  shed  may  ordinarily  be  expected  to  be  from 
10  to  20  inches  greater  than  that  of  San  Diego,  from  the  natural  increase 
due  to  altitude,  and  in  some  years  it  may  be  30  to  35  inches  greater. 
The  mean  precipitation  for  San  Diego  for  40  years  from  1850  to  1890 
was  9.86  inches,  ranging  from  3.02  inches  in  1863  to  27.59  inches  in 
1884.  To  fill  the  reservoir  to  the  175-foot  contour  will  require  47,970 
acre-feet  (20,900,000,000  cubic  feet)  which  would  be  supplied  by  an 
average  run-off  of  3.6  inches  from  the  water-shed.  Under  favorable 
conditions  this  depth  of  run-off  would  be  expected  from  an  annual  rain- 
fall of  24  inches,  and  may  at  times  l:>e  the  product  of  but  15  inches  pre- 
cipitation, depending  largely  upon  the  distribution  of  the  storms,  and 
the  frequency  with  which  they  succeed  each  other.  In  years  like  1884 
or  1805  the  run-off  may  be  as  great  as  ten  times  the  capacity  of  the 
reservoir,  and  the  maximum  spillway  capacity  to  be  provided  may  reach 
40,000  second -feet. 

Morena  Rock-fill  Dam. — The  third  great  reservoir  of  the  Sonthern 
California  Mountain  Water  Company  is  located  10  miles  east  of  the  Barrett 
dam,  on  one  of  the  two  streams  that  unite  just  above  Barrett,  at  an  altitude 
of  3100  feet  above  sea-level.  It  is  50  miles  from  San  Diego,  and  7  miles 
north  of  the  international  boundary.  The  dam  is  a  rock-fill  structure, 
placed  in  a  narrow  canyon,  cut  through  massive  granite  cliffs  that  tower 
hundreds  of  feet  high,  on  the  brink  of  a  precipitous  fall  or  cataract,  where 
the  stream  takes  a  plunge  of  1200  to  1300  feet  in  a  mile  of  distance.  This 
canyon  is  filled  with  enormous  bowlders  throughout,  and  at  the  site  of  the 
dam  the  narrow  fissure  eroded  by  the  stream  was  found  to  be  more  than 
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100  feet  deep  below  tbe  stream -bed.     Fig.  21  is  a  Tiew  taken  of  the  dam- 

filte  looking  up  stream,  aad  well  illnstmtes  the  character  of  the  rock-masses 
filling  the  gorge.  The  tree  growing  at  the  right  of  the  picture  is  on  the 
line  of  the  masonry  toe- wall  This  wall  wa3  carried  down  to  the  bottom  of 
the  fisgnre,  112.5  feet  below  the  general  stream-bed  at  that  point.  This 
wall  is  at  the  tipper  toe  of  the  rock-fill,  and  Is  3i>  feet  thick  at  the  bottom, 
where  the  width  between  solid  walls  was  but  4  feet  for  a  height  of  13  feet 
The  widest  part  of  the  fiasnre  was  TG  feet,  and  at  tbe  zero  contour  it  was 
80  feet  wide.  At  this  point  the  thickness  of  tbe  masonrj  was  made  20  feet 
It  was  carried  np  liO  feet  higher,  where  the  thickness  is  12  feet.  The  top 
of  the  wall  is  ahown  in  the  view  of  tbe  partially  finished  dam  (Fig.  22)  just 
above  the  water-line.  The  upper  toe  of  the  rock-fill,  which  will  be  finished 
on  a  slope  of  Ji  to  Ij  will  reach  to  the  top  of  this  toe-wall,  and  will  be 
covered  with  5  feet  of  Portland  cement^  uncouraed  rubble  masonry,  over 
which  it  was  intended  to  lay  a  sheet  of  asphalt  concrete,  Vi  inches  thick  at 
base  and  -1  inches  thick  on  top,  extending  into  a  groove  moulded  in  the 
wall,  5  feet  in  depth.  The  plan  for  using  asphalt  concrete  has  been 
abandoned  recently  and  some  other  material  will  be  substituted*  The  rock- 
fill,  as  shown  by  this  view,  is  about  SO  feet  high  above  the  wait 

The  canyon  walls  are  of  clean,  bard  granite^  singularly  free  from  fissures 
and  seams.  The  width  between  tbem  is  but  80  feet  at  the  stream-bed  and 
470  feet  at  the  height  o!  100  feet  above.  The  sides  thus  bare  a  slope 
steeper  than  I  to  1,  or  abont  41*"  from  the  vertical.  Had  the  planes  of  the 
side  slopes  continued  beneath  the  surface  the  maximum  depth  to  bed-rock 
would  have  been  but  30  feet  Instead  of  112.5  feet  where  it  was  found.  Tlie 
situation  is  a  favorable  one  for  any  type  of  dam,  except  earth,  and  especially 
favorable  for  a  masonry  stnicture,  although  tbe  freighting  of  cement  to  the 
site  would  have  made  that  class  of  work  more  costly  than  at  the  Lower 
Otay.  Work  was  begun  in  the  snmmer  of  1896,  and  by  the  fall  of  the  f ol- 
io wiug  year  the  rock -fill  had  reached  a  height  of  80  feet  above  the  top  of 
the  toe- wall,  when  work  was  suspended*  The  ultimate  height  to  whicli  the 
dam  U  designed  to  be  carried  is  IGO  feet,  to  hold  a  maximum  depth  of  150 
feet  of  waber^  and  impound  46,733  acre-feet  (20,360,000,000  cubic  feet). 
The  volume  of  rock  in  the  structure,  computed  on  slopes  of  1  to  1  on  tbe 
fioe,  and  14  to  1  on  the  back,  will  be  approximately  400,000  cubic  yards. 
If  the  face  is  given  a  slope  of  U  to  1,  the  volnme  will  considerably  exceed 
this  amount.  Tbe  thickness  at  base  is  over  800  feet,  while  the  extreme 
height  of  rock-fill  from  the  lower  toe  down  the  canyon  will  be  in  excess  of 
250  feet.  Large  blasts  were  employed  in  loosening  tbe  rock  for  the  dam  in 
a  similar  manner  to  the  method  used  at  the  Otay  dam,  with  the  exception 
that  the  quarries  were  located  on  each  side  of  the  canyon  above  the  top  of 
the  dam,  in  such  position  that  much  of  the  rock  was  thrown  down  in  place 
thereby  and  did  not  subsequently  require  removaL     Bowlders  weighing 
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Imndrtids  of  tons  were  thns  deposited  in  the  bed  of  the  canjOQ  and  on  its 

slopes. 

The  first  blast  of  100,000  lbs,  of  powder,  exploded  December  2*],  1890, 
wm  estimated  to  have  moved  75^000  cabic  yards.  A  second  blast,  fired  Gv& 
dajs  later,  with  80,000  lbs*,  did  good  execution,  and  on  March  24,  1897> 
the  explosion  of  70^000  Ibg.  is  reported  to  have  loosened  100,000  tons. 

The  machinery  assembled  for  the  cong traction  is  said  to  have  coat 
♦175,000,  Two  lines  of  Lidgerwood  cableway  span  the  chasm  at  a  height 
of  400  feet,  operatinf^  from  the  quarries  on  either  side.  These  cable  ways 
are  attached  to  heavily  ballasted  cars,  supported  on  three  lines  of  railway- 
trade  on  either  side,  with  a  range  of  movement  of  100  feet  each,  parallel 
with  the  axis  of  the  dam*     Powerful  derricks  of  the  most  improved  typea 


Fig.  22.— Moiusj^a    Kocr  hi.l  Dam  in    I'm h.  ess  ok  CoiaaTRUtTiON. 
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have  been  placed  in  convenient  positloo,  and  no  leas  than  twenty  hoisting- 
engines  hsve  been  assembled  for  the  work. 

Out leL— The  water  is  to  be  drawn  from  the  reservoir  throngh  a  tunnel^ 
GOO  feet  Jong»  cut  in  the  granite  on  the  aocth  side  at  the  30-foot  contonr, 
tlie  dimenBJoQs  of  which  are  8x8  feet  This  tunnel  is  to  be  controlled  by 
a  aeries  of  balanced  Talves  to  be  placed  at  the  reservoir  end,  while  the  water 
u  to  be  discharged  into  the  canyon  and  tlow  down  the  channel  to  the 
Barrett  reserToir  below. 

Watershed, — The  area  of  drainage  intercepted  by  the  dam  Is  130  square 
milesj  or  rather  more  than  half  of  that  tributary  to  the  Barrett,  of  which  it 
is  a  part,  and  ranging  in  altitude  from  3200  to  COOO  feet,  averaging  about 
4000  feet.  Both  reservoirs  cannot  be  expected  to  fill  every  year,  although 
there  are  freqaent  seasons  when  the  run-off  will  Burpaas  the  capacity  of  all 
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for  impounding  water  for  irrigation  and  to  serve  as  a  diverting-dam  for  a 
conduit  to  carry  the  flood-water  of  the  stream  to  a  secondry  reservoir  of 
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Fia.  25.— Sketch  of  RKCoNSTiircTioN  or  Cbatswohtr  Pare  R<.x;k-fill  Dam. 

mach  larger  capacity  a  short  distance  awaj  to  the  south.  Two  faihires  of 
earth  dams  erected  at  the  same  site  had  already  occurred  prior  to  the  build- 
ing of  the  dim  id  question,  both  having  been  overtopped  and  carried  away 
by  reason  of  insufficient  spillway  capacity.  The  last  one  yim  swept  out 
shortly  before  begin  iiing  work  on  the  rock -fill,  chiefly  as  t!ie  result  of  bad 
management.  The  spillway  had  been  filled  with  sand-bags  to  make  the 
reaerroir  hold  a  little  more,  and  when  the  flood  came  tliere  was  uo  one  at 
hand  to  remove  them.  When  the  attendant  finally  arrived  the  slnice-gate 
was  stuck  fast  and  conid  not  be  opened,  and  before  any  relief  was  afforded 
the  water  rose  over  the  top  of  the  dam  and  washed  it  away,  although  it  waa 
a  well-boilt  structure. 

The  rock-fill  dam  was  built  41,33  feet  high  above  the  creek -bed,  10  feet 
wide  on  the  top,  with  aides  sloping  at  an  angle  of  60° »  above  and  below 
alike,  or  1  vertical  to  0.57  horizontal,  which  gave  a  base  width  of  00  feet. 
The  length  on  bottom  is  100  feet,  and  at  top  150  feet;  cabical  couteuta, 
6,0^5  cubic  yards;  area  of  water-face  7700  square  feet,  covered  witli 
Poftland-cemeut  concrete  from  8  inches  thick  at  top  to  16  inches  at  bottom- 
The  rock  used  for  the  fill  is  a  soft  sandstone,  quarried  on  the  line  of  the 
dam  at  one  end,  500  feet  away,  and  75  feet  to  100  feet  higher  tlian  the  top 
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of  the  dam.  The  qnarry-face  was  30  to  40  feet  high.  A  light  trestle  was 
built  on  a  sharp  incline  from  the  quarry  to  and  acros3  the  dam,  and  a  cable, 
passing  over  a  drum  or  pulley  at  top  and  with  a  car  attached  to  each  end, 
was  the  means  employed  for  transportation,  the  loaded  cars  fetching  up  tho 
empty  ones.  The  material  was  dumped  in  place  promiscuously  and  without 
selection.  Some  of  it  disintegrated  and  cruml)led  into  sand  when  blasted, 
hammered,  or  drop[>ed  from  a  few  feet  in  height,  and,  as  everything 
loosened  in  the  quarry  was  put  into  the  fill,  the  ])roportion  of  sand  and 
earth  is  very  large  and  the  natural  angle  of  repose  of  the  mass  is  much 
flatter  than  tiiat  of  rock  alone,  ami  ilatter  than  the  slopes  proposed  hy  the 
plans.  The  specifications  ro([uired  the  dopes  to  be  laid  up  two  feet  ia 
thickness  as  a  dry  wall  of  uncoursed  rubble,  but  this  was  done  in  sach  aa 
indifferent  manner  timt  within  two  weeks  after  the  contractor  had  moved 
off  tho  work  more  than  three-fourths  of  the  lower  face-wall  fell  or  slid 
dDwn,  followed  by  some  of  the  embankment  behind  it  so  as  to  leave  th& 
concrete  facing  unsupported  and  its  under  side  exposed  to  view  for  several 
feet  from  the  top  of  the  dam.  Tho  dam  was  nut  of  much  value  for  water^ 
tightness,  as  it  leaked  considerably  with  but  10  feet  of  water  behind  it. 
Tiie  work  was  done  by  contract,  at  a  total  cost  of  about  ^0000,  part  of  which 
was  payable  in  land.  After  the  work  was  done  the  contractor  took  advan- 
tage of  tho  failure  of  the  company  to  comply  with  the  California  law 
requiring  contracts  to  be  recorded  to  make  them  valid,  and  brought  suit  to 
recover  a  greater  amount  than  the  contract  price.  Lie  succeeded  in  getting 
a  jury  to  give  judgment  for  about  40*^  additional,  while  the  owners  have 
been  obliged  to  reconstruct  the  dam.  This  wus  begun  on  the  plan  illus- 
trated in  Fig.  25,  the  lower  slope  being  hand-laid  to  a  thickness  of  4  feet, 
and  covered  with  a  masonry  slope-wall  G  feet  thick,  although  the  work  is 
still  incomplete.  This  is  believed  to  be  the  first  case  on  record  of  a  dam 
fulling  down  before  the  water-pressure  had  been  applied  to  it. 

The  watershed  area  above  the  dam  is  about  15.5  square  miles,  from  lOOC 
to  3800  feet  in  elevation,  from  which  maximum  floods  of  700  to  800  second- 
feet  may  be  expected — sutKcient  to  fill  the  reservoir  in  three  or  four  hours, 
as  tho  capacity  is  not  in  excess  of  200  acre-feet. 

The  Castlewood  Dam,  Colorado.  —  The  Chatsworth  Park  dam,  just 
desr  ribeJ,  bears  some  resemblance  to  the  Castlewood  dam  erected  on  Cherry 
Creek,  some  35  miles  above  Denver,  Colorado  (which  city  is  at  the  mouth 
of  the  same  stream),  although  the  latter  structure  is  a  much  more  success- 
fnl  engineering  work  and  of  greater  size  and  importance.  The  Castle- 
wood dam  was  built  in  1890  by  the  Denver  Land  and  Water  Company,  for 
the  impounding  of  water  for  the  irrigation  of  some  16,000  acres  of  fertile 
mesa  land  lying  between  Cherry  Creek  and  the  South  Platte  River,  and 
extending  to  the  city  limits  of  Denver. 

The  area  of  watershed  above  the  dam  is  about  175  square  miles,  from 
which  the  rnn-off  after  severe  cloud-bursts  on  the  '^  divide"  sometimea 
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reEM^hee  or  exceeds  10,000  cnblc  feet  per  second  for  a  shorfc  time.  The 
reieryofr  corers  about  200  acres,  and  has  a  capacity  of  4,000,000,000 
galloQB,  or  about  1JJ,S80  acre-feet.  The  dam  m  a  rock -fill  with  a  masonrj 
wall  on  the  upper  face,  while  the  lower  slope  is  covered  in  Btcps  of  2  feet 
with  large  blocks  of  stone  laid  in  cement  mortar,  the  general  slope  being  I 
to  1»  The  facing  wall  is  of  rongh  rabble  masonry,  4  feet  thick,  standing 
on  a  slope  or  hatter  of  1  to  10.  The  two  walls  are  joined  at  the  top  with  a 
coping  of  large  stones,  forming  the  crest  of  the  dam,  8  feet  in  width,  4  feet 
thick.  The  geological  formation  at  the  dam-site  is  pecaliar.  The  floor  of 
the  reserroir  basin  is  covered  to  a  great  depth  with  hard,  bine  clay,  over- 
lying which  is  a  great  sheet  of  sandstone  and  conglomerate  rock  or 
"  pndding-atone"  100  feet  or  more  in  thickness.  The  dam  was  founded 
on  the  clay,  and  the  facing- wall  was  carried  down  into  it  to  a  depth  of  6  to 
22  feet  The  lower  slope- wall  was  also  founded  on  this  clay  at  a  depth  of 
10  feet  fram  the  surface*  The  general  dimensions  of  the  structure  arer 
leagth  at  top,  600  feet;  extreme  height  above  floor  of  reservoir,  70  feet; 
height  above  foundation  of  face-wall,  92  feet;  width  on  top,  8  feet.  The 
main  spillway  is  located  in  the  center  of  the  dam,  and  is  100  feet  long  by 
4  feet  deep.  An  anziliary  spillway,  called  a  by -pass,  is  located  at  the  west 
end  of  the  dam,  and  is  40  feet  in  width.  The  total  spillway  capacity  thus 
provided  Is  about  4000  second-feet,  while  the  outlet-pipes,  eight  in  number, 
«ach  12  inches  diameter,  have  a  cambined  capacity  of  about  250  second- 
feet 

A  *'  water-cushion  *^  has  been  provided  at  the  toe  of  the  dam,  to  receive 
the  impact  of  the  waste  water  pouring  over  the  structure  and  to  prevent 
erosion  of  the  toe.  This  is  25  feet  wide,  300  feet  long,  and  consists  of  a 
rock  pavement,  3  to  6  feet  deep,  heavily  grouted  at  the  top  with  cement 
mortar. 

The  face-wall  has  been  reinforced  by  an  embankment  of  earth  placed 
against  it,  and  covered  with  stone  riprap,  1  foot  thick.  This  embankment 
reaches  to  within  30  feet  of  the  top  of  the  dam  at  the  outlet- tower  near  the 
center,  and  ri&ee  to  the  full  height  at  either  extremity.  The  outlet-tower 
is  a  rectangular  structure,  built  in  the  body  of  the  dam,  with  a  central 
opening  of  6  x  7  5  feet  reaching  to  the  top.  Into  this  the  eight  12-inch 
outlet-pipes  discharge  at  four  successive  levels,  6  feet  apart  from  the  base 
np,  the  gate-valves  being  placed  inside  the  tower.  From  the  base  of  the 
tower  the  water  discharges  into  the  creek  channel  through  a  36-inch  open 
pipe,  made  of  concrete  4  feet  thick,  surrounding  a  cement  pipe  of  standard 
dimensions.  The  water  is  picked  np  l^miles  below  the  storage-dam  by  a 
low  diverting-dam,  125  feet  long,  and  conveyed  through  40  miles  of  canals, 
with  maximum  capacity  of  75  secoud-feet,  to  the  lands  irrigated  and  to  an 
auxiliary  reservoir,  formed  from  a  natural  depression  in  the  plain.     This 
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Fra,  30. — Castlewood  Dam,  Colo.j  Showing  Leakage  through  Rocit-FiLifc 
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spill^vay  at  the  side,  while  the  discharge  pipes  were  wide  open.  At  the 
same  time  a  large  volume  of  water  found  its  way  through  the  cracks  in 
the  masonry  wall,  and  poured  out  in  large  streams  through  the  rock-fill 
for  10  to  15  feet  above  the  base. 

The  photograph,  Fig.  30,  shows  an  enormous  amount  of  this 
leakage,  and  the  cause  for  the  alarm  created  in  Denver,  which  lies 
directly  in  the  path  of  the  escaping  water.  That  the  dam  was  able 
to  withstand  such  a  volume  of  leakage  is  a  testimonial  to  the  stability 
of  rock-fill  dams,  which  in  this  case  aflForded  such  complete  drainage  as 
to  be  unaffected  by  leakage  that  would  immediately  have  destroyed  an 
all-earth  dam. 

Subsequently  repairs  were  made  in  the  manner  illustrated  by  Fig.  31, 
taken  from  Engineering  Record, 

An  earth  embankment,  8  feet  wide  on  the  crest,  was  built  on  the 
up-stream  side  to  the  full  height  of  the  rock-fill,  with  slope  of  3  on  1, 
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Fio.  31. — Castlewood  Dam,  Colo.    Section  after  Reconstruction. 


faced  with  12  inches  of  riprap.  Underneath  this  embankment  the  outlet 
pipe  was  extended  from  the  valve  chamber  to  the  up-stream  toe  by 
building  a  40-inch  woodstave  pipe,  surrounded  with  reinforced  concrete 
1  foot  thick.  This  pipe  connects  with  a  steel  box  encased  in  concrete, 
into  which  all  of  the  eight  12-inch  pipes  that  pass  through  the  masonry 
make  connection. 

The  40-foot  spillway,  which  had  been  seriously  damaged  in  the  flood,  was 
repaired,  and  another  one,  12  feet  wide,  with  side  slopes  Ion  1,  was  built 
at  the  opposite  end.  The  dam  in  its  present  condition,  as  reconstructed, 
is  practically  a  combination  rock-fill  and  earth  embankment,  having  a 
masonr>'  core-wall  throughout,  and  is  manifestly  a  safe  and  substantial 
structure.  The  dam  was  planned  and  built  by  A.  M.  Welles,  C.E.,  of 
Denver,  with  Mr.  Alfred  P.  Boiler,  M.  Am.  Soc.  C.  E.,  of  New  York,  as 
consulting  engineer. 
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Pecos  Valley  Eock^fill  Dsuni,  New  Mexico, — Twa  rock -fill  dams  with 
earth  facings  ha?e  been  constructed  across  the  Pecos  River,  in  the  Pecoa 
Valley,  New  Mexico,  which  have  boldly  and  succegefally  esemplified  a  dis- 
tinct type  of  dam  that  is  considered  to  be  preferable  to  all  other  rock-fills 
where  the  proper  conditioofi  exist  and  snitable  materials  are  obtainable. 
One  of  theee  daniB  is  located  6  miles  and  the  other  15  miles  above  the  town 
of  Carlsbad,  N,  M,  They  were  built  by  the  Peco^  Irrigation  and  Improve- 
ment Company, 

Lake  Avalon  Bam* — The  lower  dam,  designated  locally  as  the  Lake 
Aralon  dam,  was  bnilt  primarily  aa  a  means  of  raising  the  level  of  water  of 
the  river  in  order  to  divert  it  into  a  canal  at  a  safe  height  above  the  reach 
of  maximnm  floods,  and  at  the  same  time  to  equalize  the  flow  by  providing 
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FiQ,  32.'-6k ETCH-MAP  or  Dam  at  Heab  of  Pecos  Canaj^ 


a  considerable  volume  of  storage  in  the  reservoir  thus  created.  The 
dimensions  of  the  dam  were  as  follows:  length  on  crest,  1050  feet;  maximum 
height,  48  feet;  outer  slope  of  rock-fill,  H  to  1;  width  of  roek  base,  106 
foet'  crown,  10  feet.  The  earth  facing  has  also  a  crown  width  of  10  feet, 
making  the  total  width  20  feet  on  top.  The  slope  of  the  earth  embank- 
ment that  is  built  against  the  rock- fill  is  3,5  to  1,  which  is  covered  with  a 
revetment  of  loose  stone  2  to  3  feet  thick  for  wave  protection.     The  rock- 
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fill  before  the  addidon  of  the  earth  facmg  is  iHaaimted  by  Fig,  33,  a  view 
taken  daring  eons tr tie tioru  Fig.  34  is  a  view  of  the  finished  dam,  takeo  in 
1892.  The  grade  of  the  main  caual  leading  out  from  the  dam  on  the  east 
side  of  the  Tallej  is  10  feet  above  Uie  base  of  the  dam,  and  is  excavated 
in  limestone  to  a  niaxinmni  depth  of  38  feet.  Fig.  35  is  a  view  of  the  main 
canal  and  headgales,  taken  from  the  lower  aide. 


Fis.  33.^Lake  Avalon  Dam.    Rock-fiix  ni  PEctCEes  or  Cokptructios. 

The  dam  was  in  eervice  until  An^iist  3^  J  893,  when  it  was  ruptored  by 
a  flooil-wavc  that  wa>  inexce  a  of  the  spillway  capacity,  the  maximum  flood 
discliargc  cing 42,500  sec,-fe  t.  Tho  water  puured  over  its  crest,  and,  as  t'  is 
style  of  dam  is  not  calcnhited  to  withstand  fiscli  an  oTerflow^  it  speedily 
washed  out  a  hreach  to  the  hed-rock  orer  300  feet  in  lengths  This  was 
immediately  repaired  and  huilt  5  feet  higher,  at  a  total  cost  of  ISG,0O0, 
The  capacity  of  the  open  spillway  at  the  west  end  of  the  dam  was  increased 
by  widening  it  from  :;*00  feet  to  a  width  of  '240  feet,  ami  hy  cutting  it  3  feet 
deeper,  making  it  begin  to  discharge  while  the  water  is  15  feet  below  the 
creit.  A  second  spillway  in  rock  was  cnt  about  lialf  a  mile  to  the  west  of 
spillway  No.  1,  having  a  length  of  300  feet.  In  addition  to  these  discharge- 
channels  the  main  canal  below  the  dam  is  so  arranged  that  snrplus  water 
will  begin  to  slop  over  its  banks  at  a  lieigbt  of  13  feet  above  the  bottom  of 
the  canal,  over  a  length  of  about  200  feet.  By  opening  the  headgates  and 
partially  closing  the  secondary  gates  across  the  caaal  below^  this  slop-over 
can   be  given  a  large  capacity  of  discharge.     Ordinarily*  however^  the 
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water-level  in  this  section  of  canal  is  inaintainetl  to  a  depth  of  over  20  feet 
above  the  floor  of  the  canal  by  a  series  of  thirty-one  gates  placed  on  the  side 
of  the  canal,  parallel  to  it,  and  across  the  spillway.  These  gates  are  hinged 
at  the  sides,  and  are  each  5  feet  \  inch  wide  by  7  feet  %  inches  high. 
They  can  be  opened  in  an  emergency  almost  instantly  by  the  stroke  of  a 


Fig*  34.— Laez  Atalos  Bam.  Piicos  Rtver,  New  JfEXico.     Snowuro  t^  Crebt 
OF  Completed  Dam  and  Spillway  Discharging. 

hammer  upon  a  latch-releasing  bar  at  each  gate,  when  the  pressnre  forces 
them  to  fly  open  like  a  door*  The  opening  can  be  closed  above  the  gates 
by  fla^h-hoards,  permitting  the  closing  and  latching  of  the  doors.  (8ee 
Fig.  36,  taken  from  Engineerivg  New$^  Sept.  IT,  181HL)  The  total 
capacity  which  the  spillways  now  have  is  estimated  at  33,000  second-feet, 
while  the  water-level  is  still  below  the  top  of  the  dam. 

The  original  cost  of  the  dam  was  about  $1*0,000,  and  the  reconBtrnction 
was  therefore  bnt  little  leas  than  the  first  cost. 

Mr.  U-  XL  Cloud,  formerly  of  the  Colorado  Midland  Railroad,  was  the 
chief  engineer  of  the  dam,  with  Mr,  E.  S.  Net  tie  ton  acting  as  consnlting 
engineer,  and  Mr*  Lonid  I>.  Blanvelt  as  principal  assistant*  Mr.  Clond 
ascribes  the  caase  of  the  overtopping  of  the  dam  to  the  fact  that  the  spill- 
ways were  choked  by  the  dubria  from  bridges^  together  with  the  bodies  of 
drowned  cattle  hroaght  down  by  the  river.  Another  acconnt  states  that 
the  gate-keeper  and  his  assistants  were  in  Eddy  at  the  time,  indnlging  in  a 
drnnken  spree,  and  did  not  start  for  the  dam  nntil  the  only  bridges  across 
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the  river  were  washed  away^  and  they  could  not  cross.  When  they  finally 
securGd  boats  for  crossing  and  reached  the  dam  }vzi  before  the  disaster, 
they  were  unable  to  open  the  waste-gates  because  of  a  defect  in  construe* 
tion,  since  remedied.  It  was  believed  that  if  the  lateral  waste-gates  along 
the  canal  had  been  opened  when  the  flood-wave  first  reached  the  dam, 
the  relief  thus  afforded  would  have  avoided  the  disaster.  No  lose  of 
life  was  reported  as  a  result  of  the  flood,  and  but  little  property  was 
damaged* 

The  reser\*oir  capacity  of  Lake  Avalon  from  the  floor  of  the  canal  to  the 
spillway-level  is  about  557S  acre-feet.     When  filled  to  the  23-foot  level 


FiG.aS.— €ahal  Headgates,  Lake  Avalon  Dam. 

it  had  a  length  of  about  5  miles  and  a  maximum  width  of  L5  miles*     It 
submerged  an  area  of  934  acres. 

WaieT'tigkfness  of  Lake  Avalon  Dam, — The  dam  for  some  time  after 
completion  was  apparently  free  from  direct  leakage  through  it,  although 
water  stood  in  a  pool  at  the  base  of  the  dam,  which  was  believed  to  come 
from  springs,  issuing  from  the  rock.  From  the  dam  down  for  several 
miles  there  are  springs  of  large  volume  coming  out  on  the  river-banks, 
whose  total  flow  at  the  stone  dam  at  Carbbail,  as  raeasureil  by  the  writer 
in  October,  1S97,  was  approximately  90  second-feet.  ISince  the  con- 
struction of  the  reservoir  these  springs  are  said  to  be  increasing  in  number 
and  volume.  The  largest  one,  flowing  5  to  6  second- feet,  broke  out  in  a 
new  place  in  1896,  some  3  miles  below  the  dam.  Distinct  swirls  and 
miniature  maebtroms  have  been  observed  on  the  surface  of  both  r^er- 
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Toirs,  from  which  it  is  soirmisied  ih&t  w&ter  in  consader&ble  qujoiiity  is 
thus  lost  through  ihe  limestone  formation,  and  that  si^me  of  the  sprinjES 
are  fed  from  this  source,  although  many  wore  in  existence  prior  to  the 
building  of  the  dams, 

TTiis  leikkage  did  not  appaix^ntly  affect  the  stability  of  the  dams, 
although  it  may  have  been  the  eontrib;:ting  cause  of  the  second  failure 
of  Lake  Avalon  dam.  vhich  occurnvi  at  11  r.M..  Oct.  1.  liXVI.  An  account 
of  this  failure,  prepared  by  E.  C.  Murj^hy.  A5?soc.  M.  Siv.  0.  F..  for  Kvici- 
nccring  AVir*  (July  6,  1^V»\  states  that  the  dam  failed  by  the  ^vato.^ 
forcing  a  passage  through  the  dam.  and  not  by  flowing  over  the  to|v 
He  says:  "There  are  two  opinion?  as  to  the  c.ujso  of  the  failuiv.  One  is 
that  animals  burrowed  into  the  e^nh  part  of  the  ilown-stream  siiie  and 


Fio.  39. — Sketch-map  or  Pkcos  Valley  Can.oa 

weakened  the  earth  facing;  the  other  is  the  failure  occuntnl  near  the 
base  at  the  right  back,  due  to  a  faulty  connection  of  the  dam  with  the 
bank."  The  flood  discharge  at  the  time  was  estimateil  at  S2,0(X)  cubic 
feet  per  second. 

After  the  partial  destruction  of  the  dam  the  entire  irrigation  pn>ject 
passed  into  the  control  of  the  United  States  Reclamation  Sor\-ice,  and 
the  Avalon  dam,  which  was  an  indispensable  link  in  the  system,  was 
Teconstructed  on  the  plans  and  under  the  super\*ision  of  Mr.  R.  M.  Hall, 
M.  Am.  Soe.  C.  E.,  as  engineer  in  charge.  The  old  dam  was  incroaseil  in 
top  width  from  20  feet  to  43  feet  by  a  sul>stantial  adilition  to  the  earth- 
fill  on  the  up-stream  side,  and  a  core-wall  of  concrete,  heavily  reinforced 
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with  i-inch  square  steel  rods,  12  inches  apart,  both  vertically  and  hori- 
zontally, was  built  through  the  dam  its  entire  length  of  1050  feet.  This 
reinforced  section  of  the  core-wall  is  24  feet  high  from  the  top  down,  is 
8  inches  thick  on  top,  12  inches  at  bottom,  and  rests  on  a  concrete  base 
wall  over  a  portion  of  the  length,  and  for  the  remainder  on  top  of  a  line 
of  steel  sheet  piling  driven  to  bed-rock,  a  total  depth  of  65  feet  below  the 
crest,  or  12  to  19  feet  below  the  river-bed.  The  maximum  length  of 
these  piles  is  45  feet.  They  were  driven  where  the  depth  of  excavation 
through  the  old  fill  to  reach  be^lrock  would  have  been  excessive  and 
rendered  an  open  trench  for  the  core-wall  inadvisable.  The  portion  of 
the  core-wall  made  of  rubble  masonrj'  was  7  feet  thick  at  the  base,  3  feet 
thick  at  the  top,  and  had  a  maximum  height  of  45  feet.  The  position 
of  the  core-wall  is  at  the  up-stream  edge  of  the  embankment  road- 
way. 

Lake  XcMillan  Dam. — The  Upper  Pecoe  River  reservoir  is  called  Lake 
McMillan,  and  is  formed  by  a  rock-fill  dam  of  the  same  general  type  as  the 
lower  one.  This  was  built  in  1803  under  Mr.  Louis  D.  Blauvelt  as  chief 
engineer.  The  dam  has  a  top  length  of  1G86  feet,  and  a  mazimam  height 
of  52  feet  The  rock-fill  portion  was  made  14  feet  wide  at  top,  and  the 
earth-fill  6  feet  at  top — making  the  total  width  20  feet  as  in  the  lower 
dam,  the  slopes  l>eitig  the  same,  viz.,  1^  to  1  on  lower  and  3.5  to  1  on  apper 
«ide.  The  inner  face  of  the  rock-fill  against  which  the  earth  rests  has  a 
batter  of  0.5  to  1,  the  wall  being  laid  up  2  feet  thick  by  hand.  The  dam 
contains  102,400  cubic  yards  of  rock,  103, GOO  yards  of  earth,  3800  yards 
of  dry  retaining  wall,  and  6200  yards  of  riprap.  Its  cost  complete  is  stated 
to  have  been  $200,000.  An  auxiliary  embankment,  5200  feet  long,  10  feet 
wile  on  top,  18.8  feet  maximum  height,  with  slopes  of  1.5  to  1  and  3  to  1, 
and  containing  78,400  cubic  yards,  was  thrown  up  to  close  a  gap  in  the 
ridge  near  the  dam,  at  a  cost  of  $10,000.  It  was  made  entirely  of  earth, 
paved  with  stone  for  a  portion  of  its  height  on  the  water-side.  When 
visited  by  the  writer  in  the  fall  of  1895,  and  again  in  1897,  the  dam  showed 
no  signs  of  leakage,  or  settlement,  or  any  form  of  weakness,  although  the 
reservoir  was  more  than  half  full.  The  works  have  never  been  completed 
to  store  more  than  50,000  acre-feet,  covering  an  area  of  5500  acres,  and  it 
will  be  necessary  to  construct  an  expensive  spillway  before  a  material  addi- 
tion can  be  made  to  the  volume  of  storage.  At  present  the  limit  of  storage 
is  17  feet  below  the  crest  of  the  dam,  above  which  the  water  passes  off 
through  a  gap  of  such  dimensions  as  to  carry  200,000  second-feet  before 
the  dam  coald  be  overtopped.  The  plan  ])roposed  is  to  close  this  gap  with 
an  embankment  and  excavate  a  small  spillway  through  solid  limestone  on 
the  right  bank,  with  a  capacity  of  10,000  second-feet.  When  this  is  done 
the  water-level  will  be  raised  7  feet,  or  10  feet  below  the  crest,  and  the 
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Tolame  of  storage  will  be  ftpprozimfttely  89,000  acre-feet >  covering  B331 

acres  of  surface. 

Outki^— The  outlet  for  the  wat«r  is  provided  by  meaDS  of  a  canal  1100 
'feet  long,  cnt  through  solid  limestone  at  the  eagt  end  of  the  dam,  to  a 
maiitnum  depth  of  SB  feet  below  the  crest.  This  m  controlled  by  maBsive 
woodeo  headgates,  placed  on  the  line  of  tfie  dam,  eix  in  number,  each 
4  feet  wide,  and  arranged  to  open  to  a  height  of  8  feet  by  screwi.  Above 
these  openings  is  a  solid  wooden  bulkhead  filling  the  cross-aection  of  the 
canaL  The  gates  are  f)  inches  thick,  heavily  ironed.  The  water  issuing 
from  the  gates  passoa  back  into  the  channel  of  the  river  and  thence  flowa  to 
the  lower  reservoir.  The  canal  is  30  feet  wide,  and  required  the  excavation 
of  68^000  cubic  yards  of  rock,  solid  meastirenient,  all  of  which  was  used  in 
making  the  rock-fill  of  the  dam.     The  canal  head  works  cost  $'^0,000. 

The  gates  have  a  discharging  capacity  of  4400  second-feet  whan  the 
depth  of  water  over  the  floor  of  the  canal  is  but  18  feet,  and  considerably 
in  excess  of  this  amount  when  the  maximum  depth  of  25  feet  Is  reach ed« 

This  type  of  rock-fill  dam  appears  to  possess  every  element  of  safety  so 
long  as  sufficient  spillway  la  provided  to  insure  them  from  being  overtopped. 
It  seems  particularly  well  adapted  to  the  conditions  found  in  the  Pecos 
VaHey,  where  ledges  of  limestone  crossing  the  valley  appear  at  the  surface 
at  intervals,  affording  reliable  foundations  for  dams,  and  material  for  their 
construction;  where  an  abundance  of  suitable  earth  is  available  for  backing, 
and  where  dams  of  but  moderate  height  are  required  to  impound  large 
volumes  of  water.  Here  also  the  country  is  so  open  as  to  make  the  work 
easily  accessible  from  all  sides*  These  conditions  do  not  prevail  in  moun- 
tain canyons  as  a  rule,  and  in  such  localities,  where  construction  is  cramped 
for  room,  and  earth  is  scarce  and  hard  to  obtain,  some  other  material  for 
water-tight  facing  is  cheaper  and  preferable  to  earth.  For  the  special  con- 
ditions existing  where  they  were  built  these  dams  must  be  regarded  as  the 
best  that  could  have  been  planned. 

The  total  cost  of  the  two  reservoirs  and  the  canal  system  depending 
npon  them  was  1776,000,  an  average  of  about  17  per  acre  for  the  110,000 
acres  of  land  commanded  by  the  canals.  Tlie  same  company  has  built  an 
expensive  cut-stone  masonry  dam  for  power  purposes  at  the  town  of  Eddy, 
or  Carlsbad  as  it  was  subsequently  renamed,  and  another  system  of 
canals  near  the  town  of  RoswelL  00  miles  further  up  the  valley.  The 
dam  is  ogee  in  section^  is  320  feet  long,  6  feet  high,  with  abut  men  ts  20 
feet  in  height,  and  cost  $22^000,  It  was  nearly  destroyed  by  the  flood 
of  1S93,  when  the  Lake  Avalou  dam  gave  way,  and  was  subsequently 
rebuilt.  A  canal  leading  from  it  on  the  east  side,  called  the  Hagerman 
Canalf  covers  about  5000  acres,  of  which  300  acres  are  irrigated.  The 
Northern  Canal,  near  Roswell,  N.  M.,   comniands  50,000  acreSj  of  which 


52 


RESERVOIRS  FOR  IRRIGATION,  WATER-POWER,  ETC. 


4000  acres  were  irrigated  in  1897.  The  canal  is  38  miles  long  and  has  a 
capacity  of  300  to  120  second-feet.  It  is  fed  directly  from  springs  that 
form  the  sources  of  the  Hondo  River. 

Water-supply, — The  area  of  watershed  drained  by  the  Pecos  River  above 
the  soathern  boundary  of  Xew  Mexico  is  approximately  24,400  square 
miles,  having  a  maximum  elevation  of  about  11,892  feet.  After  leaving 
the  main  mountain  range  in  Northern  Xew  Mexico,  where  it  has  its  source, 
the  Pecos  enters  upon  a  tortuous  course  across  the  great  plateau  of  eastern 
New  Mexico  and  western  Texas,  skirting  to  the  eastward  of  the  foothills  of 
various  mountain  groups  and  isolated  peaks,  from  which  tlie  river  receives 
numeroQs  important  tributaries,  but  no  feeders  come  to  it  from  the  east  or 
the  region  of  the  "Staked  Plains,"  whose  drainage  is  caught  in  shallow 
poole,  or  sinks  into  the  limestone  formation  underlying  the  plains.  The 
maximum  flow  of  the  river  is  in  the  months  of  May,  June,  July,  and 
August  as  the  result  of  summer  rains,  more  than  75^  of  tlie  entire  precipi- 
tation of  the  year  falling  in  these  montlis.  Of  the  total  watershed  of  the 
Pecos  in  New  Mexico 

5^  has  a  mean  precipitation  exceeding  20  inches. 
50,^     "       **  **  from  15  to  20      ** 

20,^     ''       ''  "  ''     10  to  15      *' 

25^     *'       "  '*  under  10 

These  data  are  taken  from  the  maps  of  the  U.  S.  Weather  Bureau,  pub 
lished  in  1891,  from  which  the  following  data  as  to  mean  and  maximum 
precipitation  at  various  stations  within  the  Pecos  watershed  are  compiled: 


station. 


Fort  Stauton,  N.  M. 

••    Sumner,        **  . 

Puerto  de  Luna,  "  . 

Gkillinas  Springs,  "  . 

Port  Union,          "  . 

Las  Vecas,            "  . 

Roswell,                *•  . 

Eddy,                   '*  . 


Mean  Annual 

Maximum  Annual 

Klevation  above 

Precipitation. 

Precipitaiioo. 

Sea-level. 

Inches. 

Inches. 

Feet. 

19.05 

28.70 

6154 

15.01 

27.27 

4,300 

16.29 

16.70 

4500 

17.08 

27.82 

4800 

19.14 

28.14 

6750 

22.08 

• .  *  • . 

6418 

.... 

15.32 

3857 

12.60 

15.55 

3140 

The  estimated  discharge  of  the  stream  past  the  soutliern  honndary  of 
New  Mexico  was  approximately  T00,0()0  acre-feet  in  1890,  1,300,000  acre- 
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[feet  in   1891,  and   1,000,000  acre-feet  in  1897,     la  1893  the  discharge 

f  exceeded  that  of  189  L 

The  minimum  Row  above  Lake  McMillan  in  August,  1891  p  was  202 

'aecond-feetj  and  in  August ,  1897,  225  second- feet.  The  maximum  of  1893 
was  estimated  at  42,500  second-feet,  and^that  of  1904  at  82,000  second- 
f^t.  The  total  flow  of  the  stream  is  thus  seen  to  be  from  10  to  15  times 
the  combined  capacity  of  the  two  reservoirs,  a  fact  which  suggests  the 
probability  of  a  somewhat  rapid  filling  of  the  reservoirs  by  silt  carried 
in  sus^jcnsion,  and  also  emphasizes  the  necessity  of  ample  spillway 
capacity.  Furthermore  it  Indicates  that  as  the  maximum  flow  is  during 
a  portion  of  the  irrigation  season,  the  reservoirs  do  not  require  to  be 
drawn  upon  except  at  the  lower  stages  of  tlie  river,  and  hence  their  duty 
promises  to  be  unusually  great.  The  great  surplus  of  unappropriated 
water  is  ako  suggestive  of  the  need  for  additional  reservoirs  on  the  stream 
above,  where  niany  desirable  sites  are  known  to  exist. 

The  Walnut  Grove  Eock^fiU  Dam,  Arizona.— Of  all  the  rock-fill 
dams  that  have  ever  been  built  or  projected  in  the  West  nnquestionablj  the 
Blend  crest  and  most  flimsfly  coast  rue  ted  was  that  erected  across  the 
llaesayanipa  River,  30  miles  south  of  Prescott,  Arizona,  in  1B87-8S(  the 
destruction  of  which  by  a  flood  on  the  niglit  of  Febrnary  22, 1890,  waa  accom- 
panied by  the  losi  of  r^i>  li^-es.  This  disastrona  resolt  was  predicted  when 
it  was  building  bj  those  familiar  with  ita  conetruction^  as  an  event  that  was 
likely  to  occur^  and  the  frightful  congequencea  that  enaned  illustrate  and 
emphasize  the  necesaity  and  importance  of  governmental  supervision  of  tfie 
plans  and  details  of  construction  of  all  structures  of  that  clasa,  either  by 
the  State  or  Federal  atithoritiea.  It  alioiild  never  have  been  permitted  to 
be  built  of  the  dimensions  given  to  it^  and  the  manner  of  its  building  was  a 
conspicuous  diaplay  of  criminal  neglect  of  all  requisite  precautions  to  aecure 
the  safety  of  any  dam,  and  particularly  one  of  the  rock-fill  type. 

The  dam  was  110  feet  high,  10  feet  thick  at  top,  138  feet  thick  at  base, 
about  150  feet  long  at  the  bed  of  the  stream,  and  400  feet  long  on  top. 
These  dimensions  wonld  not  have  been  excesaive  for  an  o?erfall  dam  of 
Bolid  masonry  laid  up  in  Portland  cement,  but  for  a  rock-fill  the  slopes 
were  so  much  ateeper  than  the  natural  angle  of  repoae  of  loose  rock 
(20  horizontal  to  47  vertical  on  the  upper  aide,  and  70  horizontal  to  lOS^ 
vertical  on  the  lower  aide)  that  it  waa  really  in  danger  of  settling  or  aliding 
down  to  flatter  slopes  without  the  assistance  of  water-pressure  against  iL 
That  it  did  not  do  so  was  Bolely  due  to  the  fact  that  the  faces  of  the 
embankment  were  laid  op  aa  dry  walls,  each  having  a  thickneaa  of  14  feet 
at  base  and  4  feet  at  top,  the  center  being  a  loose  pile  of  random  stone 
dumped  in  from  a  treetle.     If  tlieae  facing-walls  had  been  carefully  laid 
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with  large  stones,  on  level  beds,  and  an  adequate  spillway  provided  to  carry 
the  waste  water  around  the  dam  and  prevent  it  passing  over  the  top,  and  if 
proper  foundations  had  been  laid  for  the  entire  structure,  it  might  have 
been  standing  to-day.  In  a  paper  read  before  the  Technical  Society  of  the 
Pacific  Coast,  on  October  5,  1868,  eighteen  months  before  the  dam  failed, 
Luther  Wagoner,  C.E.,  who  was  employed  on  the  construction  of  the  dam 
part  of  the  time,  called  attention  to  '*  some  very  bad  work  "  on  the  outer 


40ori 


O 


TUNNEL 


.GATE  I 


Fig.  40.  •— Crobp-pection  and  Elevation  of  Walnut  Guove  Dam,  Arizona. 


wall  near  the  mid-height,  and  states  that  he  ''  advised  the  company  to  cut 
a  large  wasteway  and  put  the  loose  rock  below  the  dam  to  strengthen  this 
weak  place."  The  following  is  extracted  from  Mr.  Wagoner's  paper:  **  The 
history  of  the  construction  of  the  dam  is  one  full  of  blunders,  mainly  caused 
by  the  officers  of  the  company  in  New  York.  Work  was  commenced  on 
company  account  by  Prof.  W.  P.   Blake,  who  carried  a  wall  across  the 
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canjon  to  bei-rock  through  about  20  feet  of  sand  and  gravel.  Ue  waa. 
succeeded  by  CoL  E*  N,  Eabiuson  qb  chief  engineer,  and  the  work  was  con- 
tracted for  by  Nagle  k  Leonard  of  San  Fraiiciioo,  Under  CoL  BobioBoa 
the  dam  was  commenced  in  the  rear  of  the  Btake  wall,  and  was  described 
iti  the  speoificatlons  as  being  composed  of  front  and  back  walls  14  feet  at 
the  base  and  4  feet  at  the  top,  with  ioo^e  rock-filUng  between,  the  dam  to 
be  made  water-tight  by  a  wooden  nkln  or  shea  thing. 

*'  Quarries  were  opened  by  the  contractors  upon  both  banks  of  the 
stream  above  the  top  of  dam.  *  Coyote  '  holes  from  8  to  15  feet  deep  were 
charged  with  low-grade  powder  (4^  nitro-glycerine),  and  the  stone  dislodged 
in  large  amounts.  The  stone  was  loaded  up  in  cars,  baring  the  bed  inclined 
at  about  15°,  and  these  were  lowered  onto  the  dam  by  a  bull-wheel  and 
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brake,  a  three-rail  railroad  being  laid  on  tree  tie  across  the  dam,  at  a  height 
of  from  10  to  15  feet.  On  the  elope  midway  was  a  turnout  so  as  to  allow 
the  loaded  car  to  pass  the  empty  one.  The  loaded  car  was  unhooked  on 
the  Ie?el  and  run  out  and  dumped  and  returned  above  by  the  next  loaded 
car.  The  legs  of  the  trestle  were  left  in  the  wall,  only  the  caps  and 
atringera  being  raised.  During  the  first  atagea  of  congtrnction  derricks 
were  used  todiitribute  the  larger  stones;  later  the  center  was  kept  high 
and  the  s tones  from  the  wall  were  moved  by  bars.  The  effect  of  this  upon 
the  stability  of  the  dam  is  bad,  becanse  it  tends  to  form  cnrved  beds  whoae- 
elope  makes  an  acute  angle  with  the  direction  of  the  resultant  presanr^. 


•"iir    :    -i;?*.     ■.      CI     . 

«  ?«.  .  )/ur^      J-.:  *i.".i 

..:-i     iip'iij-:  tr,e  lor 

...     ii     •.»u'.".-*r  lives,  con*- 

.  .       ■.•ii   .e  plaiikiiiiT  oi 

.^».     -ijM?:-    put    on  with 

..;  -..^    viis   calked   with 

•      »...  .      -'ir^iieil  asplialtiim 

'■  .  ...Linir.  «:f  the  plank-skin 

.....I'.       !.'::rough  the  dam  is 

.*.      fvel    of  the  old   creek 

.-^.ie  au'i  has  a  pate  to  draw 

:    .'  ,  M  p  oiibic  yards,  lumped 
...L:iiL,   v LIS  extra,     hiimber  cost 

V     .10   iiuu  leaked  'Jc?!i  cubic  feet 

..    01-  tihe  cause  of  the  leak;  one 

.^   ai  Ji.fening  of  the  junction  of 

..vcuor  was  that  it  leaked  over  the 

iviu  :.>elow  the  bed  of  the  stream 

.«.     -lachinery  for  draining  the  water 

.L-    .cmenting  assured  me  that  they 

._.    .hi  !iot  goto  the  bed-rock.     The 

:    .;io   to  all   three  of  the   reasons 

..^•.:    was   a  culvert   made   partly  in 

..    .V     I'ld  partly  as  an   :irche<l  musDury 

..1     'i»ri   pij)i's  with   irato-valves  at  the 

.|v..   lorniiuiitiMl   above   thr  dam   in   a 

'..  .     v»i"  S"    V  s     tiiubtTs,  S   ffot  huig, 

...    -^    k  .■;  inrli  roil  tliroiiLrh  o:u'h  corner, 

....     ■  -i^    iMilsiili*    p:iiut«Mi    with    ])urat1ine 

.  .XX-  '.x*  Milmit  water  into  this  tower,  one 

*. .    "■  ^^or.     'I'hey  were  arranged  to  slide 

i  •./. .   \\\\\\  wooden  valve-stems,  <'»   inches 

»./  j\n\  where  tlio  operating  device  con- 

'.x..    «v,i  A  rack.     1'he  openings  were  each 

: ^i/.-x'h  the  pressure  with  full  reservoir 
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amounted  to  a  reaiatance  or  load  of  nearly  40,000  lbs.  (eifcimftting  the 
coefticient  of  friction  of  wood  on  wood  at  0»40),  while  the  lifting-device 
gave  a  inaiimnm  power  of  less  than  1000  lbs.  These  were  pat  in  regardless 
of  the  protest  of  Mr.  Wagoner,  for  tlie  reason  assigned  that  "  they  were 
designed  by  an  engineer  and  must  work." 

Tbia  defect  In  outlet,  however,  in  no  way  affected  the  stability  of  the 
dam^  and  even  had  it  been  possible  to  raise  the  gates  at  tbe  approach  of  tbe 
flood,  the  relief  %vh[ch  they  would  have  afforded  could  not  have  averted  the 
disaster,  aa  the  maxinmni  capaciiy  of  the  pipe  was  leas  than  WO  second- 
feet,  while  the  flood  must  have  beeu  several  thousand  second-feet  for 
a  considerable  period. 

SptUway. — The  waateway  as  bnilt  was  26  feet  wide  and  7  feet  in  depth, 
constructed  at  the  right  bank  adjacent  to  the  dam^  the  spill  fulling  near 
or  against  its  toe.  Its  max i mum  capacity  when  full  was  1700  second* 
feet»  As  recommended  by  Mr.  Wagoner,  the  material  taken  from  this 
spillway  was  placed  against  t!ie  lower  side  of  the  dam,  as  a  loose  dump, 
increa^iug  its  bottom  thickness  to  about  185  feet^  and  reaebing  nearly  half- 
way up. 

Mr*  IL  M.  Wilson,  hydrographer,  U.  g.  Geological  Survey,  in  an  able 
review  of  the  construction  of  this  dam  published  in  1893,*  says: 
*' Mn  Robinson  designed  a  wag  Lew  ay  55  feet  wide  and  15  feet  deep,  cut 
t!i rough  a  ridge  one-half  mile  north  of  tbe  dam  and  spilling  iuto  a  separate 
watercourse,  which  would  in  all  probability  have  carried  off  tbe  great  flood 
of  1800,  For  eome  unacconntable  reason  a  much  smaller  wasteway  was 
ultimately  cons t rue te tl. '^ 

It  is  stated  that  the  spillway  was  being  enlarged  at  the  very  time  of  tlie 
destruction  of  tlie  dam.  Mr  Wilson  further  says:  '*  One  of  tbe  mncli-diB- 
cussed  points  in  connection  with  tlie  construction  of  this  dam  was  its 
foundation;  it  was  intended  that  it  should  be  founded  on  bed-rock. 
Witueases  before  the  courts,  men  who  had  taken  part  in  its  constructioB, 
claimed  that  the  foundation  did  not  reach  bed-rock  on  the  up-stream  face. 
The  body  of  the  loose  rock  rested  on  the  gravel  bed  of  the  river.  The 
lower  wall  rested  on  bed-rock,  but  a  portion  of  the  upper  wall  rested  only 
on  river  graveh  This  fact  was  discovered  during  coustrnctiou  of  the  dam. 
An  excavation  was  made  under  the  dam  and  a  masonry  wall,  14  feet  deep 
and  about  14  feet  wide,  was  laid,  presumably  to  bed-rock,  with  another 
portion  of  this  wall  turning  inward  to  tbe  east  on  bed-rock.  It  was 
claimed,  however,  that  this  wall  did  not  come  within  5  feet  of  bed-rock,  ao 
that  in  fact,  even  after  the  alterations,  tlie  dam  still  rested  on  tbe  graveh 
The  main  up-stream  wall  of  the  dam  rested  for  only  2^  feet  on  this 
secondary  base  wiiich  was  built  under  it,  tbe  remainder  of  the  thicknesa  of 
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the  wall  reatinjr  on  the  bnttresg  which  inclined  inwanl  to  bed-rock.  The 
correct neM  of  thi.^  view  of  the  cona traction  of  the  dam  ii  indicated  by  the 
fact  tliat  cori.^Merabie  water  pa^aeji  under  or  ti*ro'igli  the  d-sni  id  spite  of  iu 
plank  .sheath  in  J." 

One  year  prior  f)  tiie  b.irstinz  of  the  tiam.  Prof.  W.  P.  Blake  prepared 
a  paper  dei-.oriblng  it  wliich  wa.-  puiiii-he  i  in  :l.e  Tran.-actions  of  the 
American  In.-titnte  of  Minin::  Kncrineer-,  New  Vnrk.  in  Fe-.r-iary,  1^>'.', 
from  whi.';ii  the  f  jilowir.g  frinrrict  i-  tiiken: 

*•  The  re-orv^iir  wa.-:  rl.Iei  "^  y  L';e  rlr-:  !!oo«ia  and  the  w;icer  irj^e  rapi  iiy 
to  anr]  beyi'>n  1  tlie  >•  -f-v'^n  /on tour-line.  A-  to  the  ellect  npon  v.ie  arream 
below  there  has  U^eii  aii  uL^'reeahle  >  irpri.-e  either  from  a  partial  o^^eriiig  of 
one  of  the  gate^^  or  ri  leak.  Tuere  ha^  heei:  :i  cou.-ftaLt  tiow  of  wacer  fruni 
the  dam,  an'i  thi.s  iiaii  kept  a  constant  stream  tLro".gh  the  valley,  iriving 
more  water  than  n.-.ual  along  its  co'ir.re,  =  >  tiiat  instead  of  the  owners  of 
water-privilefre.^  denouncing  ti;e  dam  and  asking  for  injunctions,  they  are 
hoping  the  dum  will  always  leak  to  their  aivantaire.  77<4?.v  r-^'inJfs  ar*?  «/ 
grdnt  rnbte  fi-^  fo  th^  ijtftufut.^trafinn  t/f  ir'wit  rh*  fiii>rt'\i,t,s  or' xurh  'Inm.i  and 
TfiHfrvolrn  ruaij  he  f}(rntitjft"nt  thy  /triiJ  ;>///"//>  i>/  t\f  UV.*/;  even  if  not 
perfectly  tight,  they  would  l>e  of  immense  value  in  catciiini:  the  tem{>orary 
floods  and  in  eqtializing  tlie  tlow  r.f  such  intermittent  streanis  as  the 
Ha><sayampa  and  many  others." 

It  in  remarkable  that  the  desiirner  of  this  dam  should  have  lookeil  npon 
the  really  enormoii-  leaka;L'e  developed  \\.  ii  iii  a  spirit  of  exultation,  as  an 
achievement  worthy  of  note,  ratiier  than  as  a  s  jurre  of  alarin  acii  danger. 
To  write  of  such  leaka^re  as  one  of  the  re-^its  **  <.f  ^'reat  value"  require* 
nnuiiual  confiflence  in  the  stability  of  orif's  work. 

None  of  the  j»ubli?he  1  descriptions  of  the  construction  of  tiie  dam  have 
stated  what  disposition  was  m-ifle  of  tlie  culvert  under  the  center  of  the 
dam  jit  the  streani-bejl,  after  construction  was  finiahed,  or  whether  it  was 
walled  up  or  merely  chased  by  a  wooden  gate. 

The  elevation  of  the  dum-site  is  about  /5<m.m.)  feet  above  sea-level,  while 
the  drainage-basin  of  'Ml  s^iare  miles  reaches  to  maximum  altitudes  of 
HrH)0  feet.  The  mean  precipitation  of  tiie  siied  is  estimated  at  ]♦>  inches. 
'I'he  rupacity  of  the  reservoir  to  the  spillway-level,  >^\\  feet  above  the  ontlet 
tunnel,  was  about  lO.OMO  acre-feet. 

The  water  was  intendejl  to  be  used  for  placer-mining  and  irrigation. 
A  diverting-dam,  located  some  '20  miles  down  the  canyon,  wiis  in  process  of 
ronstriu'tioti  at  the  time  of  tiie  fnial  catastrophe,  under  the  supervision  of 
Major  Alex.  O.  Brodie  (late  Major  of  First  Kegiment  U.  S.  Volunteer 
(•avalry,  subsequently  Governor  of  Arizona  after  distinguished  services  in 
the  Spanish  war;,  \\ho  barely  escaped  with  his  life. 

East  Canyon  Creek  Dam,  Utah. — A  modification  of  the  Otay  steel-core 
rock-fill  dam  was  completed  April  1,  1S09,  on  Kast  Canyon  Creek,  Utah, 
forming  a  reservoir  of  8900  acre-feet  capacity,  to  be  used  for  irrigation^ 
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supplementar}'-  to  the  supply  of  the  Davis  and  Weber  Counties  Canal 
Company. 

The  clam  was  originally  built  68  feet  high  above  the  creek-bed,  where 
the  width  of  the  canyon  is  but  50  feet.  The  length  of  the  dam  on  top 
was  100  feet  at  that  height. 

A  concrete  wall,  15  feet  tliick,  was  carried  down  throngh  the  gravel  bed 
of  the  car  yon  to  bed-rock,  a  depth  cf  30  feet,  and  in  the  center  of  this  wall 
the  steel  web-platea  were  anchored.  These  are  ^\  inch  thick  for  the  lower 
20  feet,  I  inch  for  the  middle  20  feet,  and  -j\  inch  for  the  upper  28  feet. 
The  rock-fill  is  given  a  slope  of  J  to  1,  on  upper  side,  and  2  to  1  on  lower 
side,  the  top  width  being  15  feet.  In  construction  all  the  rock  necessary 
was  thrown  into  the  canyon  after  the  concrete  base  was  laid,  by  a  series  of 
heavy  blasts,  and  the  fill  consists  of  masses  that  in  some  cases  have  a  bulk 
of  100  cubic  yards.  The  canyon  walls  rose  to  a  height  of  more  than  100 
feet  above  the  top  of  the  dam  on  either  side,  and  the  material  in  falling 
packeil  very  solidly  together.  After  the  rock-fill  was  thus  thrown  down  in 
sufiicient  quantity  an  open  cut  was  excavated  in  it  down  to  the  concrete 
wall,  having  a  widtli  of  15  feet  at  base,  and  as  little  slope  on  sides  as  possi- 
ble. The  steel  core  was  then  erected  in  the  cut,  and  a  wall  of  stone  was 
laid  up  on  either  side,  leaving  a  space  of  4  inches  each  side  of  the  plate, 
which  was  filled  with  asphalt  concrete,  consisting  of  1)0^  sand,  70;»  gravel, 
and  sufficient  asphalt  to  fill  the  voids,  requiring  8  lbs.  per  cubic  foot  of  the 
mass.  Tiie  inner  portion  of  the  rock-fill  was  laid  up  as  a  substantial  dry 
wall  with  headers  and  stretchers,  reacliing  from  the  plate  out  to  the  water- 
face,  the  main  rocks  being  placed  with  a  derrick.  Notwithstanding  the  care 
given  in  this  construction  the  settlement  of  the  wall  as  the  water  rose  upon 
it  to  a  height  of  45  feet  was  so  great  as  to  draw  the  asphalt  concrete  away 
from  the  plate,  an  extreme  distance  of  5  feet  at  the  top,  bending  towards 
the  lake,  and  forming  a  curve  from  a  point  about  IJO  feet  below  the  top, 
and  finally  the  upper  portion  of  the  wall  fell  off,  as  indicated  by  the  broken 
line  in  Fig.  42.  The  down-stream  portion  also  settled  somewhat,  causing 
tlie  concrete  to  part  from  the  steel  plates  about  G  inches  at  the  top. 

This  peculiar  action  is  thought  to  have  been  caused  by  the  adhesion  of 
the  asphalt  to  the  stone  wall,  the  bond  being  stronger  witii  the  stone  than 
its  adhesion  to  the  steel  plates.  Tiie  rock  used  is  a  conglomerate  with  an 
admixture  of  red  clay,  which  disintegrated  when  wet  and  produced  the 
extreme  settlement. 

The  dam  cost  $60.2(K)  and  required  23,000  cubic  yards  of  rock;  810 
cubic  yards  of  cement  concrete;  183  cubic  yards  of  asphaltum  concrete; 
69,800  pounds  of  steel;   and  50,500  feet  H.M.  of  lumber. 

The  outlet  to  the  reservoir  is  by  means  of  a  tunnel  200  feet  long,  the 
bottom  of  which  is  10  feet  above  the  original  stream-bed.  At  the  entrance 
to  the  tunnel  two  30-inch  riveted  steel  pipes  I  inch  thick  are  imbedded  in 
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concrete,  controlled  by  30-incfa  Lndlow  rakes  bolted  to  them,  operated 
from  a  platform  projecting  from  the  face  of  the  cliff  abore.  The  ralve- 
stems  are  24-inch  steel  pipes.  The  main  control  of  the  outlet  is  by  means 
of  two  other  Talres  of  the  same  size,  placed  at  the  bottom  of  a  shaft,  50  feet 
back  from  the  month  of  the  tunnel,  between  two  lengths  of  cast-iron  pipe, 
the  whole  being  imbedded  in  concrete  which  completely  fills  the  tnnnel. 
These  are  the  working  valves,  the  others  being  nsed  only  in  emergency. 

The  spillway  is  at  one  end  of  the  dam,  and  consists  of  a  flume  G  feet 
deep,  2T  feet  wide,  discharging  below  the  toe  of  the  dam.  The  available 
depth  of  the  reservoir  between  the  bottom  of  the  spillway  and  the  floor  of 
the  tunnel  is  52  feet. 

Mr.  W.  M.  Bostai)h  was  the  engineer  in  charge,  and  Mr.  Samuel  Fortier 
was  consulting  engineer. 

This  account  of  the  construction  is  an  abstract  of  an  article  in  Eugineer- 
ing  Re^-ord,  by  M.  S.  Parker,  M.  Am.  Soc.  C  E.  The  writer  is  indebted 
to  the  Ilerord  for  the  loan  of  the  cut  illustrating  the  construction. 

Theoretically  the  plan  of  imbedding  the  steel  core  in  the  center  of  a 
wall  of  asphalt  concrete  was  an  improvement  upon  that  of  the  Otay  dam, 
and  had  there  been  no  settlement  of  the  rock  tbe  construction  would  have 
been  faultless.  But  in  the  Otay  dam  the  steel  core  and  the  cement  concrete 
either  side  of  it  are  independent  of  the  rock-fill,  which  is  free  to  settle 
without  pulling  on  the  core.  This  is  undoubtedly  a  superior  plan,  although 
the  ultimate  action  of  settlement  when  the  reservoir  is  filled  remains  to  be 
tested  in  the  Otay  dam,  as  up  to  the  present  writing  it  has  never  been  filled. 
It  has  been  feared  that  a  rupture  of  the  plates  might  be  produced  by  the 
strains  of  unequal  settlement. 

During  the  winter  of  1900-01.  the  dam  was  enlarged  and  increased 
to  a  maximum  height  of  93  feet,  at  a  cost  of  $.35,500,  making  the  total 
cost  of  the  work  895,7(KJ.  The  additional  material  required  was  16,000 
cubic  yards  of  rock:  410  cubic  yards  of  masonry;  370  cubic  yards  of 
concrete;  62,000  pounds  of  steel,  and  20,000  feet  B.M.  of  lumber.  The 
area  of  the  reservoir  was  increased  to  262  acres,  and  its  capacity  increased 
from  3845  acre-feet  to  8900  acre-feet.  The  dimensions  at  this  height 
are:  Lenc^th  on  top,  173  feet;  width  of  crest,  10  feet,  maximum  width 
of  base,  289  feet.  The  addition  to  the  dam  was  made  upon  the  down- 
stream side.  The  water-slope  was  extended  to  the  new  crest,  but  the 
sheet-steel  core-wall  was  continued  to  the  top  as  an  exterior  facing  on 
the  slope,  laid  at  an  angle  of  30^  from  the  vertical  and  backed  by  cement- 
concrete  filling,  between  the  plate  and  the  dry  stone  wall  of  the  dam. 
This  filling  is  1  foot  thick,  except  at  the  sides  of  the  canyon,  where  it  is 
made  5  feet  thick,  and  the  plates  are  imbedded  in  a  concrete  block  of 
triangular  form,  set  in  a  trench  2  feet  deep  blasted  out  of  the  bed-rock. 
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The  exposed  portion  of  the  plates  was  covered  with  a  pUnk  sheathing 
to  protect  it  from  the  sun,  and  from  falling  rocks.  Plans  are  being  pre- 
pared to  still  further  extend  the  dam  to  a  height  of  150  feet,  enlarging 
its  storage  capacity  nearly  three  times.  The  investment  has  been  profit- 
able, as  the  value  of  the  crops  produced  by  the  reservoir  water  the  first 
year  was  estimated  at  $40,000. 

Cheetman  Rock-fill  Dam. — On  the  site  of  the  dam  which  has  since 
become  famous  the  world  over  as  one  of  the  highest  and  finest  types  of 
masonry  dam  in  existence  the  Denver  Union  Water  Company  started  in 
1900  to  build  a  rock-fill  dam  with  a  facing  of  steel  plates,  riveted  together 
on  the  up-stream  slope.  This  dam  was  located  on  the  South  Platte  River 
in  Colorado,  and  was  to  have  been  210  feet  high,  and  600  feet  long  on 
top,  with  a  base  width  of  450  feet, — the  lower  slope  being  U  to  1  and  the 
upper  slope,  hand  laid,  J  to  1.  This  was  to  be  covered  with  12  inches 
of  concrete  as  a  backing  for  the  steel-plate  face,  which  was  to  be  riveted 
to  6-inch  I-beams,  to  be  anchored  into  the  rock-fill  with  anchor  rods  5 
feet  long. 

Work  was  Ijegun  in  1898,  and  continued  until  May  3,  1900,  at  which 
time  the  masonry  toe  wall  had  reached  to  a  height  of  38  feet  above  the 
stream-bed,  and  the  rock-fill  behind  it  was  26  feet  higher  at  the  crest. 
During  this  construction  the  water  of  the  river  was  diverted  through  a 
tunnel  which  was  to  be  used  as  the  main  outlet  of  the  reservoir.  This 
tunnel  is  7  feet  wide,  and  6  feet  high,  for  about  half  its  length,  to  its 
junction  with  an  inclined  spillway  tunnel,  whence  its  size  increased  to 
8  feet  wide,  and  9  feet  high,  the  total  length  being  470  feet.  This  tunnel 
was  controlled  at  the  upper  end  by  a  balanced  valve,  set  over  the  tunnel 
mouth,  at  an  incline  of  S(f  from  the  horizontal.  Fig.  43  shows  the  con- 
struction of  this  valve,  which  consists  of  four  hoods  or  chambers  of  cast 
iron,  resting  on  a  hea\'y  framework  of  T-beams,  and  opening  out  into  the 
tunnel  at  the  bottom.  A  continuous  shaft  passes  through  all  the  hoods 
from  end  to  end,  upon  which  are  fastened  hea\'y  disks  of  cast  iron,  so 
placed  as  to  close  all  the  openings  in  the  hoods  when  the  valve  is  shut, 
and  uncover  openings  at  each  end  of  each  hood  when  the  shaft  is  moved. 
The  valve  closes  by  gravity,  but  is  opened  by  hydraulic  pressure  con- 
veyed to  the  cylinder  at  the  upper  end  of  the  gate  through  lead-lined 
steel  pipes  from  a  small  reservoir  located  at  a  considerable  height  on  the 
adjacent  mountain  side  above. 

Destruction  of  the  Dam. — In  the  latter  part  of  April,  1900,  an  un- 
precedented rainfall  of  9  inches,  added  to  the  melting  snows,  caused  a 
flood  on  May  3,  so  far  exceeding  the  capacity  of  the  outlet  tunnel  as  to 
overtop  the  masonrj^  toe  wall,  and  wash  away  the  loose  rock-fill  below. 
But  for  this  unforeseen  contingency  the  dam  would  doubtless  have  been 
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successfully  completed,  and  would  have  kad  every  prospect  of  enduring 
stability,  aa  ample  spiUway  capacity  had  been  anticipated  in  the  plans^ 
to  pro\id€  against  futum  overtopping,  \Miea  thus  completed  it  would 
iLave  been  the  hi|:h^t  rock-fill  dam  in  the  world.  The  failure  of  the 
gtmcture  naturally  discredited  that  particular  type  of  dam  for  that 
locality,  and  the  engineer  who  had  planned  it.  Xew  engineering  talent 
Dras  brought  into  requisition  and  a  ma^^onr}-  dam  was  budt  on  the  site 
which  is  a  structure  entirely  creditable  to  its  builder,  but  involving  s 
vet}*  much  greater  capital  outlay.  The  existing  dam  is  d^crilied  in  the 
chapter  on  masonry  dams. 


Fm.  43.— B.iL.iifciii  Valve  osed  for  Reservoir  OtJTLET,  Cheesman  Dam,  Colo* 

The  English  Dam,  CaUfomia, — Among  the  earlier  constructions  of  the 
roclc-iiU  type  wasonts  known  as  the  English  dam,  sStnated  on  the  headwaters 
of  Uie  Middle  Fork  of  the  Yuba  River,  in  California,  at  an  elevation  of 
CHO  feet,  which  was  deetrored  June  17,  1883.  The  retervoir  Tvas  formed 
hr  nieane  of  three  timher  crib-dams,  and  covered  an  area  of  305  acres, 
imponnding  G50,000,OUO  feet  of  water.  It  was  supplied  by  the  rnn-off  from 
n  drainage  area  of  VIA  square  miles,  reaching  to  the  summit  of  the  Sierm 
Nevada.  The  middle  dam,  the  largest  of  the  three  and  the  one  which  was 
Bubeequentlj  destroyed,  had  a  vertical  height  of  100  feet  on  the  interior, 
and  131  feet  on  the  exterior,  above  the  deei^est  part  of  the  foundation.  Its 
thiL*knes3  at  base  waa  185  feet,  length  on  top  331  feet,  and  bottom  length 
about  50  feet.  The  original  const  ruction  consisted  of  a  crib  made  of  tama^ 
rack  logs,  79  feet  high,  100  feet  thick  at  base,  with  inner  elope  of  60^^  from 
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the  horizoDtal,  the  crib  being  filled  with  rock,  and  the  whole  strncture 
faced  with  plank.  It  was  bnilt  in  1856,  and  repaired  in  ld7G-T7,  by  tear- 
ing ont  the  decayed  portion  of  the  old  crib  and  replacing  it  with  new 
timbers.  At  the  same  time  an  addition  to  the  thickness  and  height  was 
made  by  building  a  stone  facing  on  the  ontaide,  laid  np  as  a  dry  rabble 
wall,  on  a  slope  of  44°.  This  wall  was  carried  up  to  a  height  of  14  feet 
above  the  top  of  the  original  dam,  meeting  a  similar  wall  laid  on  the  inner 
slope.  The  upper  7  feet  was  formed  of  a  substantial  timber  cribwork. 
The  addition  to  the  dam  cost  *70,000,  and  the  entire  cost  of  the  three  struc- 
tures was  tl55,rxK),  or  $10.40  per  acre-foot  of  storage  capacity.  The 
high-water  mark,  or  the  spillway-level,  was  14  inches  below  the  top  of  the 
upper  cribwork.  From  the  time  the  repairs  were  completed  until  the 
destruction  of  the  dam,  about  five  years,  no  signs  of  weakness  or  leakage 
were  manifest,  and  the  water-level  was  raised  annually  to  the  high-water 
mark.  On  the  evening  before  the  break  the  water-level  was  *^^  inches  below 
the  spillway.  The  first  intimation  given  of  the  break  was  at  5.30  a.m., 
when  the  watchman  heard  two  violent  explosions,  and  on  reaching  a  point 
where  he  could  see  the  dam  he  observed  the  water  pouring  through  a  wide 
breach  in  the  upper  cribwork.  It  was  inferred  that  the  break  had  been 
caused  by  dynamite.  In  a  few  moments  the  water  cut  an  immense  gap 
through  the  strncture  to  its  very  foundation  and  the  entire  contents  of  the 
reservoir  were  emptied  inside  of  an  hour.  The  flood-wave  caused  a  rise  of 
40  feet  at  a  point  43  miles  below.  At  Mar}'sville,  85  miles  below,  the  rise 
observed  was  but  2  feet  8  inches,  and  at  Sacramento  the  extreme  rise  was 
but  8  inches.  The  damage  done  by  the  flood  was  estimated  at  about  $4000 
to  some  wheat-fields  that  were  overflowed.  The  flood  was  24  honrs  in 
reaching  Sacramento,  and  the  total  time  in  passing  that  point  was  26  hours. 
Had  the  break  occurred  in  time  of  flood  the  opinion  is  expressed  by  A.  J. 
Bowie,  M.K.,  that  it  would  not  have  been  observed  by  a  marked  increase 
in  the  level  of  the  larger  streams  of  the  Sacramento  Valley — the  Feather 
and  Sacramento  rivers.*  While  the  composite  character  of  this  structure, 
and  its  age  at  the  time  of  its  failure,  would  lessen  confidence  in  its  stability, 
it  is  the  only  one  of  its  type  which  has  given  way,  and  the  circumstances 
seem  to  point  to  malice  rather  than  inherent  weakness  as  the  possible  cause 
of  its  failure. 

The  volume  of  water  released  by  the  breaking  of  the  dam  'yas  al)ont 
600,000,000  cubic  feet,  which  exceeded  by  nearly  20'^  the  contents  of  the 
South  Fork  reservoir  whose  failure  produced  the  frightful  .Fohnstown, 
Penn.,  disaster  in  1880,  and  that  there  was  no  loss  of  life  resulting  from  it 
and  very  slight  property  damage  is  quite  remarkable. 

♦  Transactions  Technical  Society  of  the  Pacific  Coast,  vol.  ii.  page  10. — A  Paper 
00  the  Destruction  of  the  English  Dam. 
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The  Bowman  Dam. — The  timber-crib  rock-filled  dams  of  the  mining 
regions  of  Califomia  are  well  illnstrated  by  the  Bowman  dam,  located  on 
the  South  Fork  of  Yuba  River,  and  impounding  the  drainage  from  19 
square  miles  of  the  higher  Sierras. 

The  dam  was  built  in  187*^  to  the  height  of  72  feet  in  a  manner  similar 
to  the  original  construction  of  the  English  dam,  consisting  of  a  timber  crib 
of  unhewn  cedar  and  tamarack  logs,  notched  and  bolted  together  and  filled 
with  small  stones.  The  slopes  on  each  side  were  1  on  1,  and  the  face  was 
made  with  a  skin  of  pine  planking,  laid  horizontally.  In  1875  the  dam  was 
raised  to  the  extreme  height  of  100  feet,  by  adding  an  embankment  of  stone 
to  the  lower  slope,  wide  enough  to  carry  the  entire  structure,  including  the 
crib-dam,  to  the  desired  height  The  outer  face  of  this  embankment  was 
made  as  a  hand-laid  dry  rubble  wall  in  which  stone  of  large  size  were  used. 
This  wall  is  15  to  18  feet  thick  at  base,  and  6  to  8  feet  at  the  top,  the  stone 
weighing  from  |  ton  to  4^  tons.  Vertical  ribs  were  bolted  to  the  wall  on 
the  water-face,  with  }-inch  rods,  5  feet  long,  and  to  tliese  the  plank  were 
spiked.  These  were  9  inches  thick,  in  three  layers,  for  the  bottom  25  feet^ 
6  inches  thick  for  the  next  35  feet  in  height,  and  3  inches  thick  on  the 
upper  36  feet.  The  outlet  to  the  reservoir  is  arranged  by  three  18-inch 
wrought-iron  riveted  pipes,  about  25  feet  long  each,  extending  from  the 
inner  face  of  the  dam  to  a  culvert,  built  in  the  dam  from  the  lower  side  to 
the  gates  placed  at  the  outlet  end  of  these  pipes.  The  combined  dischai^- 
ing  capacity  of  the  pipes  is  280  second-feet,  when  the  reservoir  is  full. 
They  discharge  into  a  covered  sluice  or  flume  in  the  bottom  of  the  culvert, 
21  inches  high,  7^  feet  wide.  The  gates  are  approached  by  a  walk  above 
this  flume.  The  culvert  is  8  feet  high,  7.5  feet  wide  at  bottom,  5^  feet  at 
top,  made  of  dry  rubble  side  walls,  covered  with  heavy  granite  slabs, 
18  inches  thick,  6.5  feet  long. 

The  dam  is  425  feet  long  on  top,  and  has  a  base  thickness  of  180  feet. 
Its  contents  are  55,000  cubic  yards,  and  its  cost  was  $151,521.44. 

Like  many  of  the  earlier  types  of  rock-flU  dams  it  was  built  with  an 
obtuse  angle  in  the  center,  whose  apex  is  pointed  up-stream.  This  angle  is 
165**.  Its  purpose  was  evidently  to  give  a  fancied  additional  security,  and 
was  the  nearest  approach  to  the  arched  form  which  could  conveniently  be 
given  to  such  a  structure. 

The  reservoir  covers  an  area  of  nearly  500  acres,  when  full,  and  has  a 
maximum  capacity  of  918,000,000  cubic  feet  or  21,070  acre-feet.  Its  cost 
was  therefore  an  average  of  $7. 19  per  acre-foot  of  storage  capacity. 

The  annual  precipitation  at  the  Bowman  dam,  as  recorded  for  sixteen 
years  prior  to  1887,  ranged  from  a  minimum  of  44  inches  to  a  maximum  of 
120  inches,  the  mean  being  about  72  inches.  The  watershed  is  of  a 
character  to  yield  maximum  run-off  estimated  at  75^  of  mean  precipitation. 
Maximum  floods  from  melting  snows  reach  5000  to  7000  cubic  feet  per 
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PLAN 


C/fOSS      S£CTiO^ 

Fifl.  44.— Plan  and  CRO88>SB0noN  of  the  Bowman  Dam.  an  Early  Type  of 
THE  California  Rock-fill  Dam  for  Hydraulic  Mining  Storage. 
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fiecond.  The  minimtim  aaoual  raiofaU  ia  eafficient  to  give  ample  rna-of! 
to  fill  the  reaerfoir,  while  the  niaxiinom  precipitation  would  yield  sufficient 
to  £11  it  four  times  in  one  year.  The  crest  of  the  epiUwaj  is  placed  hut  18 
:^Dches  below  the  crest  of  the  dam.  The  latter  is  made  as  a  coping  of  hewn 
cedar,  18  inches  wide  on  top»  anchored  hy  iron  bolts  into  the  walL  The 
fitrnctnre  la  bo  well  bailt  that  a  tew  inches  depth  of  water  overfiowjng  the 
crest  of  the  dam  would  pass  off  without  ininry  to  the  lower  slope- wall* 
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The  reservoir  is  owned  by  the  North  Bloomfield  Mining  Company,  and  the 
wuter  i^  used  for  hydraulic  mining. 

The  same  comjmny  have  four  smaller  reserToirs  of  similar  type,  oon- 
stmcted  at  a  total  cost  of  f 05, 000.  The  following  table  gives  the  capacity 
of  the  principal  mi uing- reservoirs  of  Californiu,  which  have  been  the  proto- 
types of  rock-fill  dam  construction  ia  the  West*  some  of  which  have  beea 
more  fully  described  in  the  foregoing  pages.  Many  of  them  are  located  at 
the  sites  of  natoral  lakes  whose  surfaces  have  been  raised  by  the  erection 
of  dams  at  their  outlets. 
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Capacitt  of  the  Principal  Minino-rbsbrvoirs  op  the  Hydraulic  Mining 
Districts  of  Northern  California. 


Name. 

Company. 

Capacity  of 
Reservoir. 

Area. 

Height  of 
Dam. 

Length  of 
Dam. 

Bowman 

North  Bloomfield 
Mining  Co. 
Do. 
Do. 
Do. 
Do. 
Summit  I^ake 
Water  &  Irr.  Co. 
Do. 
Do. 
Do. 
Do. 
Kate  Hayes  Co. 
South  Yuba  Min- 
ing Co. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
N.  Bloomfield  Min- 

ing  Co. 
Excelsior  Water  «t 
Mining  Co. 
Do. 
Do. 

Cubic  Feet. 

}  918,000,000 

3,423,000 

23,028,000 

2,395,800 

2,907,700 

150,000,000 

661,000,000 

58,800,000 

75,000,000 

50,000,000 

050,000,000 

1,075,525,000 

107,950,000 

53,975,000 

266,000,000 

}     19,400,000 

258,000,000 

2,000,000 

500.0 

26.2 

48.8 

11.2 

8.1 

83.5 

337.3 

90.0 

20.0 

Feet. 
/    54.0 
\  100.0 
14.0 
12.8 
12.0 
11.0 

21.8 

70.0 

21.0 

5.0 

Feet. 
210 

Shotgun  Lake 

Island  Lake 

Middle  Lake 

Round  Lake 

Weaver  Lake 

Eureka  Lake 

Faucherie  Lake 

Jackson  Lake 

Smaller  lakes 

425 
50 

.  ..v.... 

*  250  " 

*  250  " ' 

English  dam 

Fordyce  dam 

Meadow  Lake 

Sterling  Lake 

Spauldu^  Lake 

Bear  Valley  Reservoir 

Do. 
Summit  Reservoir. . . . 
SawmUlLake 

South  Yuba  Reservoir 

395.0 

474.0 
300.0 

'  215.0  * 

60.0 

400.0 

80.6 

131.0 

90.0 
40.0 
20.0 
67.0 
r    35.0 
\    15.0 
35.0 

39.2 

26.0 
30.0 
20.0 

331 

476 
1100 
200 
290 
140 
160 
1580 

120 

Union  Reservoir .... 
Boyer  Reservoir  .... 

13,000,000 
2,200,000 

40.0 
20.0 

700 
600 

Combination  Rock-fill  and  Hydraulic-fill  Dams  at  Milner,  on  Snake 
River,  Idaho. — An  improved  type  of  rock-fill  dam,  with  a  central  core 
of  Oregon-pine  planks,  built  as  a  tight  fence,  from  the  foundation  con- 
crete wall  to  the  water-line,  and  faced  with  an  earth  embankment  sluiced 
into  the  voids  of  the  rock  above  the  wooden  core  partition,  was  employed 
by  the  Twin  Falls  Land  &  Water  Co.  for  the  construction  of  the  largest 
and  most  important  diversion  works  for  irrigation  on  the  continent. 
The  three  dams  form  one  main  structure  and  were  begun  in  1903,  and 
completed  and  put  in  service  in  March,  1905,  the  writer  acting  as  con- 
sulting engineer  throughout  the  work.  The  dams  are  in  Cassia  County, 
Idaho.  They  raise  the  water  from  the  normal  level  of  the  Snake  River 
to  a  height  of  49  feet,  and  divert  it  into  the  canals  for  the  irrigation  of 
nearly  400,000  acres. 

These  dams  have  some  special  features  which  put  them  in  a  class  by 
themselves  as  the  first  of  a  type,  whose  simplicity  and  cheapness  recom- 
mend them  for  many  locations  where  they  could  be  built  to  advantage. 
At  the  point  selected  for  the  headworks  of  the  canals  the  river  is  divided 
into  three  channels  by  two  islands  of  basaltic  rock,  which  were  of  suitable 
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PLAN  OF 
THREE  COMBINATION  HYDRAULIC-FILL  AND  ROCK-FILL  DAMS. 

MILNER,  IDAHO 
AT  HEAD  OF  TWIN  FALLS  CANAL  ON  SNAKE  RIVER. 
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character  and  height  to  be  utilized  as  spillways,— one  of  them  taking 
the  natural  overflow  when  the  canals  are  full,  and  the  other  affording  a 
,  location  for  a  battery  of  99  regulating  gates,  by  which  all  excess  water 
not  required  for  diversioD  could  be  turned  back  into  the  channel*  The 
maximum  flow  of  the  river  in  flood  is  about  60,000  second-feet,  which 
can  be  carried  by  the  gates.  The  main  channel  dam  has  the  following 
dimensions:  length  on  crest,  340  feet;  height  above  lower  toe,  86  feet; 
height  above  upper  toe,  80  feet;  width  of  rock-fill  on  crest,  10  feet; 
do^-n-stream  slope  of  rock-fill,   li  on   1;    up-stream  slope  of  rock-fill, 

1  on  1 ;  2^est  width  of  earth-fill,  10  feet;  slope  of  earth -fill,  4  on  1 ;  volume 
of  rock-fill,  39,650  cubic  yards;  earth-fill,  58,000  cubic  yards.  The 
middle  dam  is  335  feet  long  on  top,  81  feet  high  above  lower  toe;  56  feet 
above  upper  toe,  and  contains  42,800  cubic  yards  of  rock,  and  62,850 
yards  of  earth. 

The  south  dam  has  a  top  length  of  560  feet;  a  maximum  height  of 
66  feet,  and  contains  34,700  cubic  yards  of  rock,  and  48,000  cubic  yards 
of  earth.  The  entire  cost  of  the  three  structures  was  approximately 
tSOO^OOO.  The  total  length  of  the  three  dams,  spillway,  and  regulating 
gates,  considered  as  one  structure,  is  2100  feet. 

The  method  of  construction  of  each  dam  was  practically  the  same, 
although  the  south  and  center  dams  being  in  high-water  channels  were 
simple  and  easy  as  compared  with  the  channel  dam,  where  the  water 
at  the  beginning  was  20  to  30  feet  deep,  and  over  5000  second-feet  was 
flowing  at  the  minimum.  In  the  high-water  channels,  the  ground  being 
first  stripped  of  all  loose  material,  trenches,  5  feet  wide,  were  dug  to 
bed-rock  and  filled  with  concrete,  into  which  the  posts  of  the  wood- 
partition  w^ere  imbedded.    These  w^re  3"x6"  pine,  placed  vertically, 

2  feet  apart,  center  to  center,  against  which  2-inch  planks  were  spiked, 
in  two  layers,  carefully  breaking  joints.  The  planks  were  surfaced  on 
one  side  and  both  edges,  and  were  of  uniform  thickness.  The  rock-fill 
was  built  up  on  either  side  of  this  fence,  hand-laid  for  5  feet  in  each 
direction.  The  remainder  of  the  embankment  was  loosely  filled  by  drop- 
ping the  rock  from  a  cableway  spanning  the  gorge.  The  rock  was  quarried 
from  the  main  canal  within  a  mile  of  the  dams  by  electric  drills,  hauled 
by  electric  locomotive,  and  hoisted  and  placed  by  electricity,  power 
being  furnished  by  a  temporarj^  contractors'  plant  of  500  H.R,  on  the 
river*bank*  The  rock  is  a  hard  basalt,  which  broke  in  large  masses, 
with  unusually  small  percentage  of  fine  spawb. 

To  build  the  channel  dam  it  was  first  necessarj'  to  construct  a  tunnel 
through  the  point  of  the  South  Island,  of  sufficient  size  to  carr>'  the  low- 
water  flow  during  the  period  of  erection  of  the  dam>  This  tunnel  was 
cut  in  a  layer  of  hard  clay  about  9  feet  thick,  underneath  the  main  mass 
of  basalt  constituting  the  island.     It  was  made  in  eight  sections,  each 
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5  feet  wide,  by  9  feet  high,  with  heavy  side  walls  of  concrete,  and  parti- 
tions of  timber  and  plank  between  them.  Heavy  gates  of  cast  iron, 
with  powerful  hoisting  gear,  were  set  at  the  upper  vertical  face  of  the 
tunnel,  on  line  with  the  battery  of  99  gates  for  river  control  after  com- 
pletion of  the  works.  The  diversion  of  the  river  was  effected  in  the 
following  manner:  An  earth  embankment,  or  coffer-dam,  was  placed 
across  the  channel  approaching  the  head  of  the  tunnel  to  keep  out  water 
during  its  construction.  At  the  same  time  rock  in  large  blocks,  was 
deposited  in  the  river  channel,  forming  two  lines  of  embankment  at  the 
up-stream  and  down-stream  toes  of  the  rock-fill,  leaving  a  space  between 
wide  enough  to  permit  the  sinking  of  24'xl2'  timber  cribs,  with  the 
upper  faces  on  the  longitudinal  center  of  the  rock-fill  crest.  The  water 
found  its  way  through  and  over  these  parallel  levees  of  rock,  which  were 
built  up  until  the  water-level  was  13  feet  higher  above  than  below.  By 
this  time  the  tunnel  was  completed,  the  coffer-dam  was  blown  up  by 
dynamite,  and  as  much  of  the  river  turned  through  the  tunnel  as  would 
go.  About  4000  second-feet  found  exit  that  way  and  1000  second-feet 
passed  through  the  loose  rock  of  the  channel  dam.  With  the  aid  of 
divers  the  timber  cribs  were  sunk  on  the  center  line  of  the  rock-fill,  and 
a  double  thickness  of  sheet-piling  was  spiked  to  the  upper  face  of  the 
cribs,  which  were  loaded  with  stone.  This  piling  was  fitted  to  the  bed- 
rock bottom  as  carefully  as  possible,  and  the  joints  made  tight  by  means 
of  concrete  in  bags,  placed  against  the  upper  footing  of  the  sheet-piles. 
This  work  was  done  in  a  maximum  depth  of  40  feet  of  water,  and  finally 
all  the  water  was  forced  through  the  tunnel.  The  remainder  of  the  work 
above  the  water-line  was  similar  in  plan  to  the  other  two  dams — the 
wooden  fence  being  built  as  a  continuation  of  the  sheet-piling. 

Much  difficulty  was  encountered  in  making  the  wooden  core-wall 
sufficiently  tight  to  prevent  loss  of  earth  sluiced  into  the  rock-fill  above 
it.  The  material  used  for  the  earth-fill  was  exceedingly  fine  in  texture, 
free  from  grit,  and  an  almost  impalpable  powder.  It  is  the  soil  of  that 
country,  classed  by  geologists  as  loess  or  aeolian  soil.  When  packed  it 
makes  a  water-tight  embankment,  but  when  in  suspension  in  water  would 
flow  as  freely  as  any  liquid  through  a  hole  or  crack  in  the  fence.  After 
final  completion  the  dams  were  found  to  be  absolutely  water-tight,  and 
have  shown  no  subsequent  leakage  or  settlement.  The  work  was  done 
by  contract  with  the  State  of  Idaho  for  the  reclamation  of  lands  granted 
to  the  State  by  the  United  States  Government  under  the  terms  of  the 
Carey  Act.  The  project  has  been  remarkably  successful  in  every  respect, 
not  only  from  an  engineering  standpoint,  but  as  a  commercial  and  agri- 
cultural enterprise. 

The  main  canal  on  the  south  side  of  the  river  is  about  70  miles  long, 
and  has  a  capacity  of  3000  second-feet,  carrying  a  depth  of  10  feet.    It 
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supplies  240,000  acr^.  On  the  north  side  of  the  river  the  canal  has  not 
yet  been  constructed,  but  surveys  have  determined  the  feasibility  of 
irrigating  about  150,000  acres.  Two  or  more  reservoir  basins  of  large 
capacity  will  be  utilized  along  the  canal  line  for  storage  of  water  during 
the  non- irrigation  season. 

Figs*  47,  48,  49,  50,  51,  and  52  illustrate  the  construction  of  these 
notable  dams,  and  Fig.  53  shows  the  type  of  head-gates  successfully 


'mssr^m: 


Fio.  53.— FiBST  Opening  op  Head- 


h  Twin  Falls  Canal,  March  1,  1905. 


used  in  the  canal.  They  are  eight  in  number,  each  12  feet  wide  and 
11  feet  high.  For  description  of  hydraulic  filling  of  these  dams  see  pages 
125  and  126. 

The  Zufli  Dam,  New  Mexico. — Near  the  western  boundary  of  New 
Mexico,  on  the  Zuili  Indian  Reservation,  45  miles  south  of  Gallup,  a  coal- 
mining town  on  the  hne  of  the  Santa  F^*  railway,  the  United  States  Indian 
Bureau  has  built  a  dam  70  feet  in  height  for  the  storage  of  water  to  be 
used  in  the  irrigation  of  the  lands  of  the  Indians.  The  work  was  done 
under  the  general  direction  of  W.  H.  Code^  Chief  Engineer  United  States 
Indian  Service,  by  J.  B.  Harper,  C.E.,  Superintendent  of  Irrigation,  the 
writer  acting  as  consulting  engineer.  As  originally  planned  the  dam 
was  designed  to  be  an  earth-fill  throughout,  the  material  to  be  placed 
by  hydraulic  sluicing.  In  view  of  the  torrential  character  of  the  stream 
and  the  possible  occurrence  of  freshets  exceeding  the  capacity  of  the 
outlet  tunnel  during  construction,  it  was  finally  decided  to  change  the 
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plan  to  the  eombination  type  of  rock-M  aod  hydraulic-fill.  The  fact 
that  tKere  was  an  abundance  of  basaltic  rock  on  the  site  of  the  dam, 
overlaid  by  fine  earth  of  a  suitable  character  for  hydraulic  sluicing,  ren- 
dered the  selection  of  these  materials  in  combination  a  natural  one. 

The  rock-fill  was  built  as  a  dry  wall,  with  all  the  stones  in  the  outer 
faces  placed  by  derricks  operated  by  steam-engines,  while  the  interior 
of  the  mass  was  chinked  carefully  with  small  stones.  The  dimensions 
of  the  rock-fill  were  as  follows:  Crest  length,  720  feet;  crest  width,  5  feet; 
down-stream  slope,  L25  on  1,  in  regular  steps  of  IS  inches  height;  up- 
stream slope,  0.5  on  1.  The  total  volume  of  the  dry  wall  so  placed  is 
40,160  cubic  yards*  All  the  work  was  performed  by  Indian  labor,  mih 
white  foremen.  This  made  the  work  very  slow  and  expensive,  as  the 
Indians  are  entirely  unskilled  and  inefficient,  and  ready  to  throw  down 
their  tools  at  any  time  to  perform  their  religious  dances  and  observe 
their  numeorus  feast  days*  The  total  cost  of  the  rock- work  averaged 
$2.50  per  cubic  yard.  The  embankment  was  built  up  to  the  top  from 
either  end,  leaving  a  gap  of  about  75  feet  in  the  center,  at  the  stream 
channel  for  the  passage  of  floods.  This  was  a  fortunate  provision,  as  a 
freshet  occurred  April  24,  1905,  of  greater  volume  than  had  been  pre- 
viously known,  estimated  at  14,000  cubic  feet  per  second  for  four  hours, 
and  over  9000  second-feet  for  20  hours  following — the  total  discharge 
of  24  hours  exceeding  the  entire  capacity  of  the  reservoir.  This  great 
flood  scoured  the  bed  of  the  stream  10  feet  deeper  than  it  had  originally 
been  and  increased  its  width,  so  that  the  volume  of  rock  required  in  the 
dam  was  increased  24^^,  above  the  original  estimate*  No  damage  was 
done  to  the  rock-fiU,  however,  and  after  it  was  over  the  gap  was  closed 
and  preparation  made  to  sluice  in  an  earth- fill  against  the  up-stream 
face  of  the  rock-fill,  with  a  slope  of  3  on  1,  on  the  water  side.  A  levee 
was  first  built  at  the  up-stream  toe  of  the  earth  embankment  by  hauling 
in  earth  by  teams,  and,  to  prevent  the  liquid  earth  from  passing  through 
the  voids  in  the  rock-fill,  a  narrow  embankment  of  earth  was  placed 
against  the  rock,  as  no  core-wall  of  wood  or  concrete  had  been  provided 
in  the  rock-fiU.  The  layer  of  earth  next  to  the  rock  was  from  5  to  10  feet 
thick  It  was  found  that  when  fine  sand  was  used  no  water  found  its 
way  through  this  layer,  although  at  the  outset  when  moist  clay  was 
placed  against  the  rock  shrinkage  cracks  appeared  which  permitted 
leakage  and  loss  before  they  would  soak  up  and  close. 

For  sluicing  purposes  there  was  no  gravity  water  available,  and  a 
steam-pumping  plant  was  installed  with  a  capacity  of  delivering  2*5 
cubic  feet  per  second,  under  a  pressure  of  90  to  95  pounds  per  square  inch 
at  the  nozzle  of  the  hydraulic  monitor,  the  maximum  lift  to  the  monitor 
being  73  feet  from  the  level  of  the  pond  above  the  dam.  The  total 
volume  of  earth  in  the  dam  is  60,120  cubic  yards^  of  which  about  40,000 


76  RESEHVOIRS   FOR    IREIGATIOX,  WATER-POWER,  ETC, 


f-'               •        \    : 

1    / 

VM 

HI 

Fia  55*— Down-stream  Faos  of  Zuni  Dam.    Showing  CHAEACTBa  of  Da¥  MAsoNBf 

[N  THE  Rock-fill. 
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yards  were  placed  by  tbe  sluicing  process.  This  work  was  accomplished 
in  a  total  working  time  of  800  hours,  distributed  over  232  working  days, 
Tbe  average  ratio  of  solids  delivered  to  water  pumped  was  15%  and 
the  total  cost  of  the  work>  including  labor,  pumping,  fuel,  and  operation 


Flo,  57.^Zt3lli  Dam,  N.  M.,  looking  North,  Showixo  Tower  and  Bridge  in 
DisTAKCE,  Spillway  Guari>-wall  in  Fohegbound, 

of  sluicing  was  12  cents  per  cubic  yard^  of  which  one^third  was  for  pump- 
ing. The  material  was  delivered  along  the  dam  by  a  **  V  flume,  measur- 
ing 20  inches  on  the  sides,  laid  on  a  grade  of  Z%,  and  consisting  of  a 

SECTION  OF 
ZUNI  DAM 
NEW  MEXICO 


Fio.  58. 

eueceesion  of  sections,  each  16  feet  long,  overlapping  at  the  ends,  and 
made  to  deliver  material  at  any  point  by  lifting  out  a  section  and  inserts 
ing  a  lateral  flume,  directing  the  stream  to  either  side  as  desired.  Nearly 
one-half  the  entire  amount  of  earth  sluiced  was  deposited  in  the  month 
of  May,  1907,  when  the  average  delivery  was  750  cubic  yards  per  day 
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Fuel  for  producing  steam  was  obtained  from  &  coalmine  opened 
for  the  purpose  on  the  reservation,  a  few  milea  above  the  dam.  The 
power  thus  provided  averaged  about  120  H.P, 

The  geological  formation  of  this  locality  is  quite  peeuliar.  The  Zuni 
River  has  here  broken  through  a  sheet  of  lava  which  at  some  remote 
period  flowed  from  a  volcano  to  the  north  of  the  valley  and  spread  m  a 
wide,  horizontal  blanket  over  the  country,  covering  the  alluvial  soil  to 
a  depth  of  about  30  feet.  Underneath  the  lava  cap  (the  top  of  which 
is  at  the  crest  of  the  dam)  are  successive  layers  of  sand  and  clay,  while 
at  a  depth  of  20  feet  below  the  river-bed  dense  blue  clay  is  encountered, 
forming  the  impervious  sub-floor  of  the  reservoir.  The  erosion  of  the 
sand  strata  in  the  canyon  and  the  breaking  down  of  the  lava  cap  by 
undermining  had  left  the  stream-bed  filled  with  masses  of  hard  basalt. 
This  gave  the  impression  of  a  can3'on  cut  in  rock  from  top  to  bottom, 
and  was  good  ground  for  the  presumption  that  a  masonry  dam  would 
be  best  adapted  to  the  site.  Excavation,  however,  proved  the  un- 
suitability  of  the  foundations  for  such  a  structure,  and  led  to  the  final 
adoption  of  a  type  of  dam  which  is  flexible,  and  at  the  same  time  im- 
pervious to  water.  A  spillway  has  been  excavated  in  the  solid  rork 
on  the  south  side  of  the  dam,  100  feet  wide,  10  feet  deep* 

The  reservoir  has  a  capacity  of  16,000  acre-feet  (700,000,000  cubic 
feet)  covering  an  area  of  623  acres,  and  receiving  the  run-off  from  650 
square  miles  of  watershed,  whose  maximum  elevation  at  the  Continental 
Divide  is  9200  feet. 

The  measured  run-off  of  this  shed  at  the  dam  was  15,115  acre-feet 
in  1904,  and  106,630  acre-feet  in  1905, 

Fig.  58  is  a  section  of  the  dam,  and  Figs.  55,  56,  57,  59,  60,  and  61 
are  photographs  taken  during  construction. 

The  Minidoka  Hock-fiU  Dam,  Idaho* — ^One  of  the  projects  of  the 
United  States  Reclamation  Service  for  the  ultimate  irrigation  of  about 
150,000  acres  from  Snake  River,  involved  the  construction  of  a  divert- 
ing dam,  located  about  8  miles  southwest  of  Minidoka,  Idaho,  at  a  cost 
of  $425^923, 

The  dam  is  a  rock-fill  structure,  with  earth  facing  and  concrete  core- 
^all.  The  length  of  the  dam  is  625  feet,  its  maximum  height  80  feet 
above  bed-rock,  and  about  60  feet  above  the  original  bed  of  the  stream. 
The  width  on  the  crest  is  25  feet,  its  base  averages  about  300  feet,  and 
its  total  volume  191,000  cubic  yards.  The  concrete  core- wall  is  built 
upon  a  solid  rock  foundation  throughout  the  entire  length  of  the 
dam,  and  at  each  end  reaches  to  within  about  11  feet  of  the  top  of 
the  earth  and  rock  part  of  the  dam,  while  through  the  central  por- 
tion its  top  is  44  feet  below  the  crest  of  the  dam.  The  down- 
stream portion  of    the  dam  was  built  of  large  rocks,   of   1000  pounda 
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mioimum  weight,  dropped  in  place  from  a  cableway  stretched  acroaft 
the  stream. 

In  construction,  a  diversion  channel  was  first  excavated,  and  then 
iwQ  separate  lines  of  fill  were  extended  across  the  river  about  130  feet 
apart,  the  upper  one  of  earth,  the  lower  of  rock.  By  this  means  the 
natural  channel  was  gradually  contracted  and  the  water  forced  through 
the  by-pass  chaiineL  When  the  rock-fiU  was  thus  carried  across,  the 
leakage  through  it  was  e-stimated  at  1000  second-feet,  l)ut  thi.s  was 
gradually  cut  off  by  dumping  gravel  and  earth  on  the  up-stream  slope 
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from  cars  running  on  a  track  laid  across  the  rock-iili  The  earth-fil! 
was  then  made  by  a  second  cableway  and  by  cars,  and  the  core-wall 
was  built  in  the  trough  between  them.  Upon  its  completion  the  fill 
was  carried  up  on  both  sides  and  over  the  top  of  the  core-wall  until  the 
required  dimensions  of  the  dam  w^ere  made.  The  earth  and  irravel  used 
in  the  fill  were  loaded  into  cars  by  means  of  a  steam-shovel-  The  closure 
And  diversion  by  the  rock-fill  were  made  in  April,  1906,  and  the  entire 
flow  discharged  through  regulating  gat^,  and  the  dam  was  completed 
Sept*  14t  1906,  under  the  supervision  of  F,  C.  Horn,  construction  engi-^ 
necr.     The  dam  was  planned  by  John  H.  Quinton,  M.  Am.  Soc,  C.E, 


m>CK-FILL    DAMS^ 


91 


The  dam  is  pioi.'ided  with  a  concrete  spillway  of  irre^ar  alignnaimtt 
built  on  solid  lava  rock,  and  having  a  maximuiD  height  of  14  feet  and  a 
cueel  length  of  26,000  feet,  containing  4000  cubic  yards  of  concrete.  The 
cresl  dt  the  spillway  is  10  feet  below  the  top  of  the  dam,  7  feet  above 
the  sill  cif  gates  of  the  north  ^de  cslusI,  6  feet  above  the  irr-ade  of  the 
south  side  eanal,  and  48  feet  above  the  bottoTO  of  the  diversion 
sluice-way.  in  which  a  concrete  dam  is  built  with  five  Coffin  sluice- 
gates, each  8  feet  wide,  12  feet  high.  This  structure  is  proxidetl  with 
penstock  openings  for  the  future  de\'elopment  of  power  to  be 
utilized  for  pumping  watar  to  higher  lands  above  the  south  side 
gravity  canala  It  is  estimated  that  10,000  to  30,000  H,P*  may  be  so 
developed. 

About  70,000  ao^es  of  land  are  irrigable  by  the  gravity  canals,  mostly 
on  the  north  side,  and  S0,000  acres  may  be  watered  by  pumping  to  higher 
levels  on  the  simth  side. 

The  entire  project  is  e^^timated  to  cost  $2,600,000. 

The  Alfred  Dam,  Maine,— The  high^t  dam  in  the  State  of  Maine 
was  completed  in  December,  1905,  at  Alfred,  Maine,  t«  pro\ide  storage 
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Fig.  02  *-S»cnoN  or  Alfrxc  Dam. 


to  equalize  the  flow  of  the  Mousam  River  for  powder  purposes  for  the 
Alfred  Light  ^  Power  Co,  The  dam  is  of  rather  novel  design,  as  it  con* 
6ists  of  diy  nibble,  built  with  split  stone,  the  three  lower  courses  laid  in 
Portland  cement  and  the  up-stream  fac«  and  crest  covered  with  concrete 
2  feet  thick    See  section  Fig,  62, 

The  dam  is  39  feet  high,  995  feet  in  length,  with  a  spillway  section 
in  center  580  feet  long.  It  contains  12,150  cubic  yards  of  dry  rubble, 
and  2790  cubic  yards  of  concrete.  The  stream  was  handled  during 
construction  by  diversion  through  the  penstocks  of  the  power  plant, 
by  a  coffer-dam  thrown  across  the  entire  river. 

The  rock  being  dimension  stone,  laid  by  hand,  the  dam  is  not 
strictly  to  be  classed  as  a  rock-filK  but  is  interesting  as  a  cheap  typa 
of  permanent  construction  of  a  better  grade  than  the  ordinary  rock-fill. 
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The  dam  was  completed  in  90  days  after  stone-laying  began,  and 
in  105  days  from  the  beginning  of  clearing. 


•  Wk  .^^^^  - 


Pio.  63. — Alfred  Dam,  Me.     Dry  Rock  Masonhy  with  Concrete  Facing  and 


The  Idahurn  Dam,  New  Zealand,— An  overfall  dam,  50  feet  high, 
of  similar  construction  to  the  Alfred  dam  just  described,  was  built  in 
1904,  across  a  canyon  known  as  the  Idaburn  gorge,  for  the  formation 
of  a  reservoir  to  irrigate  10,000  acres.  The  dam  is  but  42  feet  thick 
at  the  base,  6  feet  at  the  top,  100  feet  long  on  the  crest.  The  up-stream 
face  batter  is  1 :24,  while  the  down-stream  face  forms  a  series  of  tangents 
as  pointa  on  a  vertical  curve  of  long  radius.  The  structure  is  laid  up 
as  a  diy  wall^  with  a  face  of  2  feet  thickness  of  concrete  on  the  crest 
and  down-stream  slope,  while  the  base  and  up-stream  face  are  roughly 
squared  blocks  of  stone  laid  in  mortar  to  a  thickness  of  2  to  4  feet.  This 
is  the  extreme  of  economy  in  dara  construction,  and  must  be  regarded 
as  having  an  exceedingly  small  factor  of  safety.     (See  Plate  3,) 

The  Roswell  Rock-fill  Dam,  Georgia. — Sometime  before  the  Civil 
War  a  rock- fill  dam  was  built  at  Roswell,  Georgia,  for  power  purposes, 
having  a  height  of  about  28  feet,  and  a  base  width  of  30  feet,  the  down* 
stream  face  being  vertical,  while  the  up-stream  face  was  laid  a  few  inches 
depth  in  Rosendale  cement  or  lime  mortar.  This  was  used  continuously 
until  1892  when  the  dam  w^as  repaired  and  the  w^ater  slope  covered  with 
cement  mortatp  on  which  a  plank  face  was  laid.  Ten  years  later  the 
dam  was  raised  about  6  feet  above  its  former  crest  level,  by  the  addition 
of  dry  rubble  to  the  down-stream  face,  rating  on  a  masonxy  base,  laid 
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on  bed-rock,  with  the  upper  face  sloping  toward  the  crest  at  a  ratio  of 
2  on  1.  This  base  reaches  to  an  extreme  height  of  9  feet,  and  is  12  feet 
wide.  On  this  the  dn-  rubble  wall  was  laid  in  courses  ^ith  a  batter 
cf  1:3-5.  The  up-stieam  dope  and  crest  are  faccil  with  3"\6"  yellow 
pine  planking.  The  length  of  the  spillway  is  13S  feet  and  it#  depth 
5  feet.  The  total  length  of  the  dam  is  251  feet,  and  its  extreme  height 
3S  feet. 

The  original  dam  was  laid  of  flat  stratified  rock,  the  interior  of  the 
fill  being  made  up  of  a  very  poor  quality  of  slate.  The  last  construction 
on  the  down-stream  face  was  done  while  the  water  filled  the  reservoir 
to  the  top  of  the  dam.  the  level  being  kept  Mow  the  spillw.^y  by  means 
of  sluicing  gates.  The  crest  and  up-stream  facing  was  built  with  the 
pond  drained  during  a  time  when  the  mill  was  shut  down  for  repairs. 

The  Victor  Rock-fill,  Steel-faced  Dam,  Colorado.— In  VMM  the  Pikers 
Peak  Power  Co.  built  a  unique  dam  on  the  West  Fork  of  IV^aver  Creek, 
5§  miles  east  of  the  town  of  Victor,  and  10  miles  south  of  the  summit 
of  Pike's  Peak,  to  form  a  storage  reser>-oir  for  power  purjH^ses.  The 
dam  is  a  rock-fill,  with  a  facing  of  steel  plates  as  a  water-tight  skin  on 
the  reservoir  side.  It  has  a  maximum  height  of  70  feet,  is  220  feet  long 
at  the  bottom,  405  feet  long  at  top,  20  feet  wide  on  the  crest,  and  has 
a  base  width  of  14S  feet.  The  upnstream  slope  is  30°  from  the  ver- 
tical (0.577  on  1),  while  the  down-stream  sloi>e  is  50^  from  the  vertical, 
or  1.22  on  1.     The  foundation  is  a  granite  bed-rock. 

The  novel  feature  of  the  dam  is  the  use  of  sheet-steel  plates  to  form 
the  facing,  the  first  structure  of  this  type  that  has  ever  been  constructed. 
The  plates  are  uniformly  15  feet  long,  5  feel  wide,  laid  horizontally,  their 
thiclaiess  being  J  inch  for  the  lower  30  feet,  then  dimmisnmg  to  J  inch 
and  J  inch  at  the  top.  The  horizontal  seams  are  riveted  with  butt- 
straps,  while  the  vertical  seams  are  riveted  to  angle-bars,  5"xj",  which 
are  placed  in  pairs  at  the  seams  and  riveted  together,  with  a  r'X2" 
filler  placed  between  them.  The  seams  were  all  calked  as  thoroughly 
as  in  boiler  work  by  the  use  of  pneumatic  riveters  and  calkers.  At  the 
base  is  riveted  to  the  plate  a  pair  of  5"xS"  angle-bars,  and  a  foot  al>ove 
another  pair,  both  of  which  are  imbedded  in  the  concrete  toe-wall.  The 
ends  are  treated  in  a  similar  manner,  with  angle-bars  rivet eii  on  up  the 
sloi>e.  The  plates  are  painted  with  a  protective  coating  to  pn>tect 
them  from  rusting. 

The  granite  back-fill  against  which  the  steel  plate  rests  is  a  dr}'  wall 
of  granite  blocks,  of  20  to  80  cubic  feet  each,  chinked  with  fine  quarry 
sprawls.  A  space  of  6  inches  was  left  between  the  plates  and  the  back 
wall,  which  was  filled  with  sand  and  gravel  packed  \i'ith  water  and 
thoroughly  drained  before  water  pressure  was  applied. 

The  outlet  of  the  reservoir  is  a  24-incb  wood-stave  pipe,  built  in 
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concrete  through  the  base  of  the  dam  and  extending  into  the  reservoir 
for  240  feet.  The  reservoir  formed  by  the  dam  covers  an  area  of  130 
acres,  with  a  capacity  of  102,000,000  cubic  feet  (2340  acre-feet).  The 
surface  elevation  of  the  water  is  9018  feet,  giving  a  maximum  depth 
of  63  feet  to  be  drawn  upon. 

The  dam  was  designed  and  built  by  Mr.  R.  M.  Jones,  Engineer  and 
General  Superintendent  of  the  company. 

Power  generated  with  a  drop  of  1160  feet  to  the  extent  of  1600  K.W. 
is  transmitted  to  Victor  over  a  line  of  8  miles  in  length.  The  wood-stave 
pressure-pipe  is  23,400  feet  long,  the  limit  of  pressure  being  220  feet^ 
below  which  a  29-inch  steel  pipe,  }  inch  to  J  inch  thick,  2900  feet  long^ 
is  laid  to  the  power-house. 

The  Animas  Dam,  Colorado. — In  1906  a  large  rock-fill  and  timber 
crib  dam  with  plank  facing  was  built  for  the  creation  of  a  storage  reser- 
voir of  960  acres,  to  be  utilized  for  power  development  in  San  Juan 
County,  Colorado,  25  miles  from  the  city  of  Durango,  by  the  Animas- 
Canal  Reservoir  and  Water  Power  Investment  Company.  The  dam 
is  750  feet  long,  55  feet  high  above  the  original  surface,  the  foundation 
being  carried  down  a  depth  of  33  feet  through  loose  material  to  bed- 
rock. The  cribs  on  the  down-stream  side  are  stepped  in  five  benches 
or  steps,  from  the  bottom  up,  formed  of  logs  and  filled  with  rock.  The 
dam  is  to  be  replaced  eventually  by  a  concrete  dam,  100  feet  high,  1400 
feet  long,  increasing  the  reservoir  to  1161  acres.  Water  is  fed  to  the 
reservoir  by  a  flume,  6x8  feet,  3 J  miles  long,  leading  from  Cascade 
Creek.  Water  from  this  reservoir  is  conveyed  through  a  flume  8800 
feet  long  to  a  penstock  reservoir,  formed  by  a  small  earth  dam  with 
concrete  core,  30  feet  high,  from  which  a  riveted  steel  pressure-pipe 
2844  feet  long  leads  to  the  power-house,  where  an  effective  head  of  960 
feet  is  utilized.  Power  is  transmitted  to  Durango  and  Silverton  at  50,000 
volts  pressure.    The  works  were  built  by  Geo.  M.  Peek,  M.  Am.  Soc.  C.  E. 


CHAPTER  n. 


HYDRAULIOFFLL  DAMS. 


The  forces  employed  in  hydraulic  mining  fur  tearing  down  banks 
of  sand,  gravel  and  rock,  by  means  of  a  large  volume  of  water  issuing 
at  great  velocity  from  a  nozzle  under  high  pressure,  have  been  utilized 
in  the  evolution  of  a  novel  and  interesting  tyi>e  of  dam-construction, 
called  the  "hydraulic*fill  dam/'  which  is  becoming  recognized  as  the 
most  economical  method  of  handling  earth,  as  well  as  the  most  positive 
and  satisfactor}'  means  of  compacting  it  in  a  solid  and  immovable  mass. 
By  the  skillful  direction  of  the  currents  of  water  by  m^hich  the  material 
is  conveyed,  the  disintegrated  earth  is  assorted  and  deposited  where  it 
is  desired  to  perform  the  required  functions  of  stability  and  water-tight- 
ness in  the  dam,  thus  reversing  the  destructive  process  of  mining  and  con- 
verting it  into  an  upbuilding  of  great  structures  serviceable  to  mankind. 

This  development  of  hydraulic  mining  doubtless  originated  in  the 
Pacific  Coast ^  where  many  new  and  peculiar  methods  of  mining  auriferous 
gravel  on  a  large  scale  were  evolved  by  necessity,  and  the  ready  inventive 
genius  of  American  miners.  It  was  first  employed  for  making  small 
storage  reservoir  dams  in  and  around  the  mines,  with  the  detritus  from 
w4uca  the  contained  placer  gold  had  been  washed.  These  dams  wero 
used  either  for  impounding  mining  tailings,  or  for  water. 

Subsequently  the  principles  involved  in  the  utilizing  of  water  of 
var>nng  velocity  for  loosening,  conveying,  assorting,  distributing,  deposit- 
ing and  consolidating  the  materials  were  more  carefully  studied  and 
scientifically  employed  in  the  design  and  construction  of  higher  and  more 
important  dams.  These  principles  are  adaptable  to  the  building  of  dams 
of  any  desired  height,  provided  suitable  materials  are  avaihible  and  the 
conditions  permit  of  economical  construction. 

The  only  limit  of  feasible  height  for  dams  of  this  class  is  one  which 
is  fixed  by  the  cost,  for  if  the  embankment  to  resist  water  pressure  be 
made  sufficiently  wide  and  massive,  and  with  materials  which  may  be 
so  consolidated  as  to  become  impervious  to  water,  there  is  no  reason 
why  dams  of  300  feet  or  more  in  height  should  not  be  built,  if  justified 
by  the  cost.  There  are  innumerable  instances  in  different  parts  of  the 
world  where  nature  has  built  hydrauhc-fiU  dams,  which  form  lakes  of 
great  depth.     The  dimensions  of  such  dams,  built  as  glacial  moraines, 
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with  bowlders,  gravel,  sand  and  rock-dust,  are  usually  very  much  greater 
than  any  artificial  structure  would  need  to  be  for  absolute  safety. 

Requisite  conditions  for  the  proper  design  of  hydraulic-fill  dams 
are  the  following: 

First.  They  require  to  be  located  on  a  stable  and  impermeable  foun- 
dation, whether  it  be  clay,  gravel,  rock,  or  other  material  which  is  or 
which  can  be  made  impermeable  to  water  under  pressure. 

Second.  They  must  be  formed  of  materials,  which  when  packed  in  the 
mass  of  the  embankment,  are  practically  water-tight  throughout  the 
whole  or  a  large  proportion  of  their  entire  cross-section. 

Third.  They  must  have  slopes  sufficiently  flat  to  render  the  struc- 
ture stable  under  all  conditions  of  saturation  from  the  water  in  the 
reservoir  or  from  soaking  rains,  or  both  combined. 

Fourth.  The  elevation  of  the  crest  above  the  highest  possible  level 
of  water  in  the  reservoir  must  be  sufficient,  in  connection  with  unob- 
structed spillways  of  ample  dimensions,  to  insure  against  the  possibility 
of  the  dam  ever  being  overtopped  by  extraordinary  freshets  due  to 
cloudbursts,  or  by  waves  driven  up  the  slope  by  gales  of  wind  or  by  any 
combination  of  such  contingencies. 

Fifth.  They  must  be  so  constructed  that  after  completion  they  shall 
not  settle  or  crack  or  show  any  material  sign  of  movement  or  change 
in  form  or  position. 

This  latter  requirement  implies  a  radical  change  during  construc- 
tion from  a  condition  of  liquid  mud  and  unstable  equilibrium  to  one 
of  solidity  and  absolute  stability  under  all  vicissitudes  of  time  and 
change.  Such  changes  of  form  and  adjustment  of  the  particles  composing 
the  mass  by  the  pressing  out  of  the  water  contained  in  the  voids,  is  a  slow 
process,  particularly  if  the  materials  contain  a  large  percentage  of  clay. 

To  secure  stability  and  perfect  drainage  it  is  essential  that  the  outer 
slopes  of  the  embankment,  composing  about  one  third  of  the  mass, 
equally  divided  between  the  up-stream  and  down-stream  slopes,  shall 
be  composed  of  rock,  gravel,  or  sand,  which  ^ill  afford  friction  and 
stability,  as  well  as  drainage  to  the  interior  of  the  dam.  This  interior 
two  thirds  is  the  water-tight  section,  composed  of  the  finest  clay  or  silt 
as  segregated  from  the  other  material.  It  is  at  first  thoroughly  unstable 
and  would  slide  from  its  position  if  unsupported  by  the  stable  sections 
on  either  side.  With  the  slow  settlement  following  gradual  drainage 
and  the  pressing  of  the  water  from  its  voids,  it  becomes  more  and  more 
dense,  and  finally  assumes  a  condition  of  mature  solidity  and  impermea- 
bility that  fits  it  to  resist  the  pressure  of  the  water  in  the  reservoir  behind 
it.  The  best  practice  in  hydraulic-fill  dam  construction  is  to  test  the 
structure  at  all  stages  of  its  growth,  by  permitting  the  reservoir  to  follow 
up  the  rising  dam,  always  10  to  15  feet  below  the  top  (at  the  same  time 


jnamtainiiie  a  pond  of  water  on  top  of  tiie  embankment).  aUhoufrh  this 
is  not  ahvBVB  feanbte.  When  such  a  water-level  is  maintained  a^in9t 
tfae  dflZD  as  near  tiie  top  as  poasihlc.  the  principal  draina^  of  the  interior 
masB  of  HtB  dam  will  he  out  tiiirough  the  down->(itTeam  sone  of  permeable 
material,  permitting  of  partial  filling  of  the  voids  in  the  upstream 
peTmeid>le  zone  with  fine  silt. 

THie  conditions  best  suited  for  the  e^^momiral  employment  of  hy- 
dcBulie*dam  construction  arc: 

Ifit.  The  existence  of  an  abundance  of  water  at  the  proper  elevation 
to  form  a  sufficient  '^sluicing-head  " :   ami, 

2d.  An  abundant  deposit  of  materials  for  forminp:  thr  dam,  con- 
venient to  either  end,  and  hifjh  enough  above  the  t-op  of  thr  propo«Kl 
structiwe  to  permit  of  the  requisite  piides  for  carr\'inp  the  mat^riftl. 

Tfe  volume  of  water  neceaaar\-  for  a  "shiicin|r-hea<l"  f»houl<i  be  from 
5  to  20  cuhir  feet  per  second,  alt.hou|rh  smaller  heads  may  be  used. 
Twenty  to  thirty  second-feet  may  be  readily  handled  in  one  head,  and 
is  more  effective  proportionally  than  smaller  heads.  The  duty  of  water 
in  hydiBulir  mininc:  in  California  per  miner's  inch  per  24  hours,  ranges 
from  2  tc»  5  cubir  yards  of  solid  bank  measure  loosened  and  washed 
down.  This  is  equivalent  to  a  duty  of  from  5^0  x-o  200  rubir  vards 
removed  in  24  hours  per  second-foot  of  wat^r.  The  ratio  of  wat^r  f^ 
solids  would  thus  be  from  2.^^^  to  6.2.^r<..  In  Viydraulir  ffold-mining 
it  is  essential  to  keep  the  percentage  of  solids  quir^  lov^  to  permit  the 
gold  to  drop  freely  to  the  bottom  of  the  sluice-boxes,  where  it  is  caught 
by  quicksilver.  In  dam-construction,  on  the  cr^ntrar} ,  it  is  desirable 
to  maintain  as  hi|rti  a  precontage  of  solids  as  the  water  will  transport. 
Wiih  filuice  grades  of  6C;  to  lOC^.,  the  volume  which  may  Iv  transport^ed  by 
a  sluicing-heAd  of  10  second-feet  is  3000  t^  8000  cubic  yards  per 
24  hours. 

Hie  most  suitable  material  is  an  admixture  of  soil,  clay,  sand,  and 
gravel  of  all  siies.  Angular  stones,  not  exceeding  2000  llis.  ^^'eight  may  be 
caiTied  through  the  sluice-boxes  ^nth  a  sufficient  amount  of  sandy  »'^il 
or  unc?tuons  day  to  enable  it  to  flow  -^-ell.  It  is  customarx-  t^^  deposit 
the  materials  on  the  dam  on  the  lines  of  the  two  slopes,  which  are  stu- 
diously kept  higher  than  the  cent<!ir  of  the  eml^ankment.  The  lai^r 
stones  are  here  dropped,  while  the  finer  materials  arc  carrie<i  towanis 
the  center  where  the  water  is  drau-n  off  thn>ugh  st^nd-pi^x^s  xihich  k^d 
back  into  the  reservoir  or  which  conduct  it  to  a  flume  or  pi}>e  by  which 
it  may  be  wasted  below  the  dam. 

The  matCTial  for  this  class  of  c*>nstrviction  may  either  l>e  loonene^l 
by  a  hydraulic  jet  of  water  issuii^  under  presstirc  and  playing  against  the 
l»nk,  which  is  the  cheaper  and  more  rapid  methtxi,  or  if  pressxire  ir«  not 
available  it  may  be  plowed  or  picke<l  and  gT\Mmd^l\nce<l. 
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The  Hydraulic  Giaiit,^The  latest  improved  form  of  hydraulic  monitor 
or  '* giant,'*  as  developed  la  the  mines  of  California,  is  shown  in  Fig.  64. 

The  weight  of  the  nozzle  is  counterbalanced  as  required  by  filling 
the  wooden  box  with  stone.  The  vertical  movement  of  the  nozzle  is 
made  by  a  ball  and  socket  joint.  The  horizontal  movement  is  on  the 
ball-bearing  joint  between  the  two  elbows  around  a  center. 
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Fio.  64,— Double-hIointkd  Htdbaulic  Gunt, 

To  enable  the  operator  to  handle  the  giant  with  ease  and  change 
the  direction  of  the  stream  quickly,  a  device  called  the  '*  deflecting  nozzle" 
is  placed  at  the  end  of  the  nozzle  of  the  giant,  by  means  of  which  the 
power  of  the  issuing  stream  is  controlled  to  move  the  entire  machine. 


Ftq,  65.— Titb  Dbflectinq  Noziie  of  Giant. 

When  this  nozzle  is  pressed  slightly  against  the  jet*  the  giant  ia  moved 
in  the  opposite  direction.  By  means.^of  the  lever  this  movement  can 
be  effected  by  a  child,  and  a  column  of  water  weighing  many  tons  can 
be  thrown  instantly  through  an  arc  of  ISO""  or  more*     (Fig.  65,) 

The  earliest  form  of  hydraulic  giant  is  known  as  the  single- jointed 
monitor,  in  which  the  movement  is  confined  to  one  direction  io  a  ver- 
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tical  plane,  and  the  machine  had  to  be  shifted  by  bars  to  change  the 
horizontal  direction. 

Streams  of  water  of  all  sizes  requiring  nozzles  from  2  to  10  inches 
in  diameter,  and  working  under  heads  from  100  to  600  feet  or  more, 
have  been  used.  To  prevent  a  scattering  or  rotary  motion  of  the  water 
after  it  has  issued  from  the  nozzle  all  the  taper  pieces  are  fitted  on  the 
inner  side  with  guide-vanes,  and  the  jet  is  thus  discharged  in  as  solid 
and  columnar  form  as  possible  thereby  increasing  its  effectiveness. 

San  Leaodro  and  Temescal  Hydraulic-fill  Dams,  California. — This  pro- 
cess of  bnilding  up  reservoir-embankments  has  been  in  vogae  in  a  small  way 
in  the  mines  of  California  from  the  earliest  days  of  hydraulic  mining,  but 
the  first  application  of  \t  on  a  large  scale  was  made  by  Mr.  A.  Ghabot,  in 
the  construction  of  the  reservoir-dams  for  the  water-supply  of  Oakland, 
California,  a  city  of  60,000  inhabitants. 

These  dams  were  planned  and  bailt  by  Mr.  A.  Chabot,  who,  though  not 
an  engineer,  had  had  years  of  experience  as  a  practical  hydraulic  miner  and 
was  the  principal  owner  of  the  water-works.  They  are  both  earthen  dams, 
of  which  the  central  portion,  including  the  puddle-core,  were  built  up  with 
scraper  teams  and  rollers  in  the  ordinary  way,  but  extensive  additions  to 
their  slopes  and  height  were  made  by  hydraulic  sluicing. 

The  Temescal  dam  was  bailt  in  1868.  It  is  105  feet  high,  18  feet  wide 
on  top,  with  original  slopes  of  2|  to  1,  which  have  been  greatly  increased 
by  the  material  sluiced  in  from  year  to  year  subsequently.  The  water 
available  being  limited  in  supply  to  a  few  days  each  season  after  storms,  the 
work  was  continued  for  a  namber  of  seasons  as  an  economical  method  of 
increasing  the  bulk  of  the  dam.  It  forms  a  reservoir  of  18.5  acres,  with  a 
capacity  of  188,000,000  gallons. 

The  San  Leandro  dam  was  built  in  1874-75,  and  has  a  height  of  125 
feet  above  the  stream-bed.  It  is  located  9.5  miles  east  from  Oakland, 
1.5  miles  above  the  village  of  San  Leandro,  at  an  elevation  at  base  of 
1 1 5  feet  above  tide.  The  dam  is  500  feet  long  on  the  crest  and  28  feet 
in  width.  The  width  of  base  from  toe  to  toe  of  slopes  is  1700  feet.  The 
original  slopes  were  2\  to  1  on  the  down-stream  side,  and  3  to  1  on  the 
reserv^oir  side.  Subsequent  additions  to  these  slopes  were  made  by 
hydraulic  sluicing.  The  extreme  depth  of  puddle  core  is  30  feet,  making 
the  total  height  of  dam  from  bottom  of  puddle  core  to  crest,  155  feet. 
The  total  volume  of  the  dam  is  542,700  cubic  yards,  of  which  about 
160,000  yards  were  deposited  by  the  hydraulic  process.  The  water  was 
brought  4  miles  in  a  ditch,  and  the  sluiced  materials  were  conveyed  in  a 
flume,  Uned  with  sheet-iron  plates  and  laid  on  a  grade  of  4%  to  6%.  The 
water  used  was  10  to  15  second-feet,  and  the  ground-sluicing  method  was 
alone  employed,  as  it  was  not  convenient  to  get  water  under  pressure.  The 
Cost  was  estimated  at  one-fourth  to  one-fifth  that  of  putting  the  earth  in 
place  with  carts  or  scrapers.     The  entire  cost  of  the  dam  proper  was  about 
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k.ry;>  <^j'>^/;*.  •he  r*!!i^irToir  havein^T<^aj»^i  the  totaltooverS^'^yjJJJ'J.  or  about 
4*^;^  per  ^urre-foot  of  itorage  cspiMritT.  The  reserroir  coTers  mn  mrem  of  335 
arrr^A  and  haa  a  maximrim  capacitj  of  13,-2TO  acre-feet,  or  4,3*3,-li6,»»> 
gallon  J.  The  area  of  :':»e  water-ihe'i  trirj^tarv  co  the  Saa  Leandro  tiam  is 
*»  s^care  rri:Iea,  from  w^i.ich  the  ruTi-off  is  ori.riariij  in  excess  of  the  storage 
capacity,  arid  corii»i  ierahle  d;lf,caltj  was  experienced  in  disposing  of  the 
snryihja,  wichorit  wafthir;^'  awaj  the  dam,  antil  a  waste-tcnnel.  11«»  feet 
long,  with  a  capacity  of  •^•>  •*'  aecor^d-feet,  was  constructed  in  l!j?>,  discharg- 
ing into  the  stream  haif  a  mile  below  the  dam. 

The  plana  and  ^tctiona  of  these  dama  are  shown  in  Fig.  66,  in  which  are 
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repreaented  the  restrain in;j:  levees  for  lioldiug  the  eluiced  material  in 
terraces,  as  it  was  deposited  on  the  outer  slopes.  The  deposit  on  the  inside 
wji^  made  hy  simply  diimpinjr  the  contents  of  the  flnme  into  the  water  and 
allowing'  it  to  {i^mirnf*  it-  own  slope  on  the  surface  of  the  embankment. 

Hydraulic-fill  Dam  at  Tyler,  Texas. — In  projecting  improvements  to  the 
wafer-work -i  of  Tyler,  Smith  Cointv,  Texas,  in  May,  1804,  the  engineer  of 
the  cr)mpany,  J.  M.  Ho  wells,  C.E.,  conceived  the  idea  of  creating  an 
impoundinir-reservoir  by  means  of  a  dam  to  be  constructed  by  the  hydranlic- 
jet  and  sluicinj::  method.  The  only  means  of  getting  water  to  the  works 
wa-"  to  pump  it,  and  all  the  material:^  used  in  tlie  dam  were  sluiced  in  from 
a  neighboring  hill.  The  total  cost  of  the  work,  including  the  plant  and  all 
the  appurtenances  of  the  reservoir  in  the  way  of  gates,  outlet-pipes,  etc.. 
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was  but  4}  cenU  per  cubic  yard.  The  dam,  Fig,  67,  \^  575  feet  long  oc 
top,  32  feet  high^  and  contains  24,000  cubic  jarda,  tbe  inner  §lopea  being 
3  on  1,  and  the  outer  t  an  1,  with  a  4-foot  berm  oii  the  inside  10  feet  below 
the  top.  The  musimum  dupth  of  water  is  26  feet;  the  reservoir  coTers  177 
acres  and  impounds  376,S0O,OO0  giillona^  or  1770  acre- feet.  The  water 
used  in  aluieing  wati  forced  through  a  t>-inch  pipe  by  a  Wortliington  steam- 
puinp  of  75U,O0O  gallons  daily  capacity,  belongiug  to  the  old  city  pumping- 
fitatioQ  situated  on  the  opposite  side  of  the  valley  from  tbe  hill  which 
supplied  tbe  material.  This  bill  is  lot>  feet  high,  and  the  pipe  terminated 
about  half-way  up  from  its  base,  wliere  a  common  fire-hydrant  was  placed 
to  which  was  attached  aa  ordinary  '2^-inch  fire-hose,  with  a  nozde  of  1^ 
inches  diameter.  From  this  nozzle  the  stream  was  directed  ag^ainst  the  face 
of  the  hill  under  a  pressure  limited  to  100  lbs.  per  square  inch  (Fig,  68), 
The  washing  was  carried  rapidly  into  the  hitl  on  a  3^  up-grade  which  soon 
gave  a  working  face  of  10  feet  or  more,  increasing  gnidnally  to  3i)  feet 
vertical  height.  By  maintaining  the  jet  at  tbe  foot  of  tbe  cliff  the  latter 
was  undermined  as  rapidly  as  the  earth  could  be  broken  up  and  carried 
away  by  the  water.  The  material  found  in  the  hill  consisted  of  a  soft, 
friable  sandstone  infiltrated  with  ocher  of  ?arying  shades  of  yellow,  brown, 
and  redt  alternating  with  clay  and  sand,  the  whole  overlaid  by  a  surface 
soil  of  sandy  loam,  %  to  0  feet  deep.  Experiment  and  observation  led  to 
the  conclnsion  that  65^  of  tbe  entire  oiass  washed  into  the  dam  was  ?and, 
and  35^  was  clay. 

In  beginning  the  work  a  trench  4  feet  wide  was  eicavated  throngh  the 
enrfaee  soil  down  into  clay  subsoil,  a  depth  of  several  feet,  and  this  trench 
was  refilled  with  selected  puddle-clay  elnieed  in  by  the  stream.  Then  the 
form  of  the  dam  was  outlined  by  throwing  up  low  sand  ridges  at  the  slope- 
linesj  which  were  maintained  as  the  dam  roi^e  in  beight,  in  the  form  of 
leveea  by  men  with  hoes  (Fig,  69).  A  shallow  stream  of  water  was  thus 
maintained  over  the  top  of  the  embankment,  the  water  being  drawn  off 
from  time  to  time,  either  into  the  reservoir  or  outside,  as  preferred.  As 
the  embankment  rose  it  assumed  a  grade-line  from  the  side  nearest  to  the 
source  of  supply  to  the  opposite  side.  The  material  was  transported  from 
the  bank  in  a  13-inch  sheet-iron  pipe,  put  together  with  loose  joints,  stove- 
pipe fashion.  This  pipe  extended  from  near  the  face  of  the  bluff,  where 
the  jet  was  operating,  across  the  center  line  of  the  dam,  and  was  so  arranged 
as  to  be  easily  uncoupled  at  any  point,  so  as  to  direct  tbe  deposit  where 
required  to  build  np  the  embankment  nniformly.  Wfieu  the  end  of  the 
dam  nearest  the  bank  reached  the  full  height  the  pipe  was  raised  on  i% 
trestle  to  give  It  grade  for  transporting  tbe  sand  to  the  opposite  aide,  A 
spillway  waa  cut  out  by  the  same  sluicing  process,  at  the  end  of  the  dam 
farthest  from  tbe  side  where  the  main  sluicing  operation  was  conducted, 
and  the  earth  from  it  was  also  placed  in  tbe  dam.  It  was  found  that  the 
quantity  of  solids  brought  down  by  the  water  Taried  from  18^  in  clay  to 
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30^  ia  sand.  Sharp  sand  does  not  flow  as  readilj  as  rounded  sand  or 
gravel,  and  is  improved  in  delivery  by  an  admixtare  of  claj  and  stones.  In 
this  case  the  clay  acted  as  a  lubricant,  which  served  to  increase  the  carrying 
capacity  of  the  water. 

The  entire  volume  of  water  pumped  in  building  the  dam,  if  computed 
by  the  percentages  of  solids  given,  must  have  been  less  than  20,000,000 
gallons,  although  it  is  unlikely  that  these  percentages  were  maintained 
throughout.  The  volume  discharged  through  the  nozzle  under  the  stated 
pressure  must  have  been  about  1.4  second-feet,  which  is  a  very  small 
sluicing-head.  The  nozzle  velocity  was  115  feet  per  second.  The  limita- 
tion of  the  nozzle  pressure  to  100  lbs.  per  sqaare  inch  restricted  the 
delivery  of  water  and  its  effective  power  in  disintegrating  and  transporting 
the  soil  to  considerably  less  than  might  have  been  accomplished  with  higher 
pressure. 

The  entire  cost  of  the  dam  with  all  its  accessories  is  said  to  have  been 
but  11140,  which  must  be  regarded  as  a  marvel  of  cheapness  for  a  structure 
of  the  size  of  this  one  and  performing  the  function  of  an  impounding  dam 
of  its  magnitude.  Another  interesting  feature  connected  with  it  was  that 
the  construction  of  the  reservoir  permitted  the  new  pumping-station 
supplying  the  city  of  Tyler  to  be  located  on  the  border  of  the  pond  so  much 
nearer  to  the  town  than  the  location  of  the  original  pumping-plant,  which 
was  at  the  site  of  the  dam,  as  actually  to  save  the  cost  of  the  dam  in  the 
length  of  main  pipe  that  was  thereby  dispensed  with. 

The  average  cost  per  acre-foot  of  storage  capacity  in  the  reservoir  formed 
by  the  dam  was  but  tO.05.  The  dam  is  reported  to  have  no  apparent 
defects  and  gives  satisfactory  service.  Mr.  L.  W.  Wells  was  engineer  and 
foreman  in  charge  of  the  works,  from  whose  memoranda,  furnished  by 
courtesy  of  Mr.  Howells,  consulting  engineer,  the  foregoing  description  has 
been  compiled.  The  accompanying  illustrations  were  obtained  through  the 
courtesy  of  Mr.  Ben  R.  Cain,  of  the  Tyler  Water  Company. 

La  Mesa  Dam,  California. — In  the  spring  of  1895  the  San  Diego  Flume 
Company,  which  supplies  the  city  of  San  Diego,  California,  with  domestic 
water  and  furnishes  an  extensive  territory  of  agricultural  land  with  an 
irrigation-supply  through  a  long  line  of  Hume,  l)uilt  an  impounding- 
reservoir  on  the  Mesa,  or  tableland,  8  miles  northeast  of  San  Diego,  near 
the  terminus  of  the  Hume,  for  the  purpose  of  impounding  the  tail-water 
of  the  Hume  and  the  surplus  accumulating  at  night,  as  well  as  to  store  the 
llooJ-water  of  the  San  Diogo  Kiver  in  winter  to  the  extent  of  the  unused 
capacity  of  the  flume.  Tlie  dam  (see  Figs.  70  and  72)  was  designed  and 
constructed  by  J.  M.  Ilowells,  C.E.,  who  was  then  president  of  the 
Flume  Company. 

With  the  successful  experience  obtained  with  hydraulic  dam-construc- 
lion  at  Tyler,  Texas,  the  previous  year,  Mr.   Uowells  applied  the  same 
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methods  ia  a  modified  form  to  the  erection  of  La  Mesa  dam.  The  Buuation 
and  materials  available  were  less  fayorable  than  at  Tyler,  and  it  was  not 
possible  to  obtain  water  under  pressure  for  disintegrating  the  soil.  Hence 
it  was  necessary  to  resort  to  ground-slnicing  alone. 

The  dam-site  is  in  a  narrow  gorge  cut  through  hard  porphyry,  whose 
wdls  are  but  40  feet  apart  at  the  stream-bed,  and  stand  nearly  vertical  on 
one  side  for  40  feet  in  height,  from  which  elevation  the  ground  slopes 
gently  upward  on  both  sides.  The  site  had  been  regarded  as  particularly 
suitable  for  a  masonry  or  rock-fill  dam,  as  the  foundations  were  of  the  best 
character  and  the  materials  at  hand  all  that  could  be  desired.  With  these 
advantages  in  view  the  first  plans  made  were  for  a  rock-fill  with  plank 
facing,  of  the  following  dimensions:  height,  55  feet;  length  on  top,  470  feet; 
thickness  at  base,  110  feet;  at  top,  12  feet;  upper  slope,  ^  to  1;  lower  slope, 
1  to  1;  volume,  15,000  cubic  yards.  Bids  were  received  on  these  plans, 
the  lowest  of  which  called  for  99  cents  per  cubic  yard  for  the  rock-fill,  and 
t2.08  for  dry  rubble  wall.  These  prices  are  but  55^  to  66^  of  the  contract 
prices  paid  for  the  Escondido  dam.  The  total  cost  under  these  bids  would 
Lave  been  120,200,  exclusive  of  the  plank  facing  and  the  outlet-gates  and 
pipes.  The  hydraulic-fill  dam  proposed  by  Mr.  llowells  was  given  the 
preference  by  the  company  on  a  guarantee  of  a  material  reduction  of  cost 
below  the  bids  for  the  rock-fill  dam,  and,  although  numerous  difficulties 
were  encountered,  it  was  finally  completed  for  about  $17,000,  including 
plant,  excavations  for  foundations  and  spillway,  outlet-gates,  culvert  and 
stand-pipes,  paving  of  slopes,  and  all  accessories,  and  furthermore  it  was 
built  to  a  height  of  66  feet,  or  11  feet  liigher  than  the  proposed  rock-fill. 
It  was  made  20  feet  wide  on  top,  with  a  base  width  of  251.5  feet.  All  of 
the  dam  except  a  few  feet  on  top,  which  had  to  be  finished  out  with 
wagons,  was  put  in  place  by  flowing  water.  The  suq)lu8  water  from  the 
flume  was  used  at  a  time  when  little  or  no  irrigation  was  going  on,  and  at 
the  same  time  the  water  was  stored  in  the  reservoir  as  it  was  being  formed 
back  of  the  dam. 

The  total  volume  of  material  handled  was  38,000  cubic  yards,  some  of 
which  was  transported  an  extreme  distance  of  2200  feet,  and  taken  from 
an  area  of  11.5  acres,  which  was  stripped  to  a  mean  depth  of  2  feet.  Had 
the  material  been  as  abundant  and  as  accessible  thronghout  the  construc- 
tion as  it  was  up  to  the  time  one-fourth  of  the  dam  was  in  place,  the  entire 
structure  could  have  been  finished  for  25*^  to  30^  of  its  ultimate  cost,  but 
nnfortunately  it  was  found  that  below  a  depth  of  2  feet  from  the  surface 
the  gravel  and  cobblestones  of  the  mesa  were  cemented  together  so  hard  as 
to  resist  further  washing,  and  this  condition  necessitated  the  employment 
of  horses  and  scrapers  to  bring  much  of  the  material  used  to  the  sluiceways, 
at  greatly  increased  cost.  The  results,  considering  all  the  unfavorable  con- 
ditions, are  an  indication  of  what  can  be  accomplished  by  this  process  where 
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eorroaoding  conditioDa  are  more  anspicions.  The  surface  «oil  and  sand 
contained  in  the  coarse  grarel  constituted  less  than  one- third  of  the  ma^s, 
and  conseqaently  the  dam  can  propeilj  be  terme*!  a  rock-fill  with  an  earth 
core.  The  depogit  on  the  dam  being  alwajs  near  the  oaier  slopes,  the 
larger  atones  were  natarallj  dropped  there,  while  the  finer  materials  shaded 
cff  towards  the  center.  The  gravel  is  of  all  grades,  from  egg  size  to  large 
cobbles,  8  to  10  inches  in  diameter.  On  the  onter  slopes  the  largest  of 
these  were  laid  op  in  a  drj  wall  of  nniform  slope  and  snrface. 

In  beginning  the  work  a  trench  was  excavated  in  bed-rock,  as  shown  in 
Fig,  72,  from  2  to  5  feet  deep,  20  feet  wide  at  center  and  tapering  to  5  feet 
at  the  ends.  At  right  angles  to  this  trench  in  the  bed  of  the  gulch  a 
culvert  was  built  to  reach  entirely  through  the  dam  at  its  widest  point. 
Thia  culvert,  whose  details  are  shown  in  Fig,  73,  consisted  of  a  concrete 
condnit,  48  inches  wide,  30  inches  High,  extending  from  the  inner  face  of 
the  dam  on t  ward  180  feet,  to  a  point  72  feet  from  the  lower  toe,  where  it 
cofinects  with  two  2-t-iDch  cast-iron  pipes,  that  fonn  the  outlet  to  the 
reservoir.  One  of  these  pipea  connects  with  a  wood -stave  pipe  snpplying 
water  to  San  Diego,  and  the  other  is  used  as  a  waste»  or  clean -on  t,  pipe. 
Both  are  controlled  by  gate-valves  at  the  toe  of  the  dam.  The  walls  of  the 
concrete  cnlvert  are  13  incbea  in  thickness,  and  foar  vertical  stand-pipes 
counect  with  the  culvert  at  intervals  of  35  feet  from  the  inside  end*  These 
stand-pipes  consist  of  24*inch  vitrified  pipes,  surrounded  with  concrete, 
which  pass  upwurd  throngh  the  body  of  the  dam,  and  are  now  used  as 
outlet-pipes  to  the  reservoir  at  four  different  levels.  During  construction 
they  performed  the  important  function  of  conveying  tlie  water  into  the 
reservoir  after  it  had  dropped  its  load  of  gravel  and  sediment  on  to  the 
Burronuding  embankment  They  were  built  up  a  joint  at  a  time  in  2-foot 
sections,  as  the  work  progressed,  and  were  finished  off  at  the  top  with  brass 
ring  and  flap-valve,  the  latter  being  controlled  by  rods  reaching  up  the 
slope  through  the  water  to  the  surface.  (See  Fig.  70.)  These  flap- valves  can 
only  be  opened  when  pressure  is  relieved  by  closing  the  gate- valves  below. 

The  volume  of  water  used  in  constructing  the  dam  was  from  300  to  400 
miner^s  inches— 0  to  8  second -feet,  which  was  all  that  could  be  spared  from 
the  flume  after  supplying  the  domestic  consumption  in  San  Diego  and  along 
the  line,  and  the  little  irrigation  which  is  kept  up,  even  in  winter,  when 
the  rains  do  not  come  just  right  From  the  end  of  the  37-mile  flume, 
which  terminates  on  the  mesa  10  miles  from  San  Diego,  the  water  was 
siphoned  across  a  deep  ravine  by  a  3fj-inch  wood-stave  pipe,  3000  feet  long, 
discharging  into  a  ditch  which  carried  the  water  1.5  miles  to  the  top  of  the 
ridge  overlooking  the  dam-site  on  the  south.  From  this  main  ditch  at 
various  points  laterals  were  carried  down  the  slope  of  the  hill  towards  tlie 
dam  on  a  grade  of  C^,  dividing  the  ground  iuto  irregular  zones  of  50  to  100 
feet  in  width,  by  several  hundred  feet  in  lengthi   In  sluicing  thet^ divisions 
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were  stripped  off  clean  to  the  cemented  gravel  bed-rock,  beginning  next  to 
the  head  ditch  and  working  downward  toward  the  dam  across  the  end  of 
the  strip.  The  fall  from  the  apper-line  ditch  to  the  lower  side  of  the  zone 
was  as  great  as  the  slope  of  the  gronnd  would  admit, — the  greater  the  fall 
the  more  rapidly  the  sluicing  was  done.  The  work  accomplished  was  satis- 
factory as  long  as  this  slope  was  not  flatter  than  about  25^,  but  as  the  hill 
from  which  the  material  was  taken  rounded  off  toward  the  top  the  velocity 
of  the  water  in  the  cross-ditches  became  lessened,  until  it  was  insufficient 
to  erode  the  material  from  its  bed,  and  the  process  had  to  be  assisted  by  the 
use  of  picks  or  plows,  where  the  ground  was  not  too  soft  for  teams  to  get 
over  it.  This  additional  labor  of  loosening  materially  increased  the  cost. 
All  of  the  material  was  obtained  from  one  side  of  the  dam,  which  was  a 
further  disadvantage. 

As  the  stream  secured  its  load  of  earth  or  gravel  it  was  conveyed  along 
the  line  of  the  lower  ditch  by  24-inch  wood-stave  pipes  until  deposited  on 
the  embankment.  About  2000  feet  of  this  piping  was  used  in  the  work, 
the  first  cost  of  which  was  90  cents  per  foot,  exclusive  of  the  lining  of 
strips  of  tire-steel  subsequently  added  to  resist  wear  and  tear.  It  was  made 
in  sections  of  10  to  14  feet,  loosely  placed  together  and  connected  by  strips 
of  canvas  wound  around  the  ends  of  abutting  joints  and  held  in  place  bj 
an  ingenious  tourniquet  of  tarred  rope  placed  back  of  the  last  round  band 
on  the  end  of  each  section,  the  twist  on  one  being  made  by  a  long  nail,  and 
on  the  other  by  an  8-inch  piece  of  i-inch  gas-pipe,  the  nail  slipping  into 
the  gas-pipe  and  so  preventing  both  ropes  from  loosening  or  untwisting. 
During  a  portion  of  this  work  the  pipes  were  supported  to  the  desired 
grade-line  on  the  dam  by  trestle-work.  A  wire  cable  was  also  used  for  this 
purpose,  although  the  latter  did  not  give  satisfactory  results.  Fig.  74  illus- 
trates both  methods  of  suspending  the  pipes,  and  shows  the  dam  when  about 
30  feet  high.  The  necessity  of  frequently  unjointing  the  pipe  on  the  dam 
for  distributing  the  material  evenly  over  the  line  from  side  to  side  made 
the  use  of  a  canvas  joint  over  that  portion  of  the  pipe  inconvenient,  and  it 
was  replaced  by  loose  straps  of  iron  bolted  to  the  pipes  on  the  sides, 
which  kept  them  in  line,  and  the  water  would  shoot  across  the  joint  with- 
out material  loss.  These  joints  were  easily  taken  apart  when  desired. 
The  pipes  were  found  to  wear  very  rapidly,  and  were  lined,  first  with  strips 
*  of  wood,  and  later  with  strap-iron  or  tire-steel.  Cast-iron  pipe  or  open 
flumes  would  be  preferable  for  tliis  sort  of  service. 

The  work  on  the  dam  began  February  14, 1895,  and  during  the  first  thirty 
working-days,  of  24  hours  each,  21,000  cubic  yards,  or  55!?^  of  the  entire 
dam,  were  put  in  place — an  average  of  700  cubic  yards  per  day,  although  at 
times  more  than  double  this  amount  was  moved  in  24  hours.  The  ratio  of 
solid  embankment  to  water  used  during  this  period  was  about  3.3^.  The 
force  of  xpeji  employed  varied  from  27  to  45,  working  in  eight-hour  shifts. 
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Two  men  were  k»^nc  on  the  dnmp  direcdng  the  atmun  of  matsrial  and 
bnilding  in  :he  o'rer  edges  of  tiie  siopea  to  the  proper  linei,  while  the 
othern  yefi*  '^hierty  enga^eti  ia  growod-siaiciu^.  With  looaer  or  deeper  aoil, 
•r  tinkler  conrlition-.  perm  it  cine  tl:c  :ii»e  of  a  jet  of  -^wuer  ander  prcesare,  the 
ftodt  of  .oogenin?.  v? Mich  in  this  caae  waa  the  chief  icon  of  expense,  would 
be  red  need  to  a  nominal  amonnt. 

1'  .4  annarent  that  an  embaakment  bailt  in  this  manner  ia  compacted 
an  thororii/ii; y  aa  it  could  be  hy  anv  process  of  rolling  and  is  not  snbjecc  to 
firi^her  nettiement.  It  is  also  manifest  that  the  duer  mutehala  are  by  this 
procem  preninitatefl  in  ?:iie  in  tenor  of  the  dIL  next  to  the  discharge-oatleti 
for  the  water,  and  that  the  particles  are  in  a  generai  way  graded  in  size 
from  the  ontside  towar  i  ".he  center.  In  this  dam  all  of  the  atand-pipee  are 
place^i  inaitle  of  the  center  line,  as  shown  by  the  section  of  the  dam 
fPi?.  75 1,  and  therefore  more  of  the  coarae  an^I  permeable  bowhiers  and 
gra?el  are  |aace<l  on  the  oater  haii  of  Li:e  embankment,  where  they  afford 
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really  drainai^ff*  to  the  percolation  that  ui\-^\ii  tind  its  way  through  the  dam. 
(See  Fifj.  75.)  Ti»'M  trie  fail'. re  of  tiie  -rrucnire  through  the  ordinary 
profr'^'HH  of  gu{)er.VifiJ ration  ari'l  ;he  .-lougiiinjr  of  tiie  outer  slopes  is  rendere<i 
hi:rhlv  im|.roi>al>lft  if  not  iriU)Or-:ible.  A  'iani  built  in  this  way  is  tested  aa 
it  t'row.H  by  the  poi.d  of  wat.;r  sran'ling  on  top  of  it  and  the  rising  lake 
iKjhind  it,  and  if  any  weakne?:*  exists  it  is  =ure  to  be  discovered  and  remedied 
by  \\u\  operation  of  natural  Imwh. 

Thl-t  dam  i^  not  entirely  free  from  leakage,  ultbough  as  the  water  comes 
throii;.di  ^juite  clear  it  caur^es  no  anxiety  and  ?how3  no  tendency  to  increaw. 
The  leaka:(e  m^aaMre^  100  gallons  per  minute  wlien  the  water  in  the  reser- 
voir standi  at  the  5i-foot  level,  and  2:3  gallon3  per  minute  when  the  water 
standi .4  at  40  feet. 

The  re?w.TVoir-ba^in  ia  large  enough  to  impound  13,800  acre-feet  M  the 
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dam  be  raised  to  the  140-foot  contour.  Such  a  dam,  of  safe  dimensiong, 
woo  Id  contain  68'^^OO0  cabic  yards,  and  its  const  ractioii  baa  been  serionslj 
considered,  the  utaterial  to  be  obtained  by  excavating  the  interior  of  the 
basin,  conveying  it  to  the  dam  by  the  hydraulic  method  and  then  hoisting 
it  in  place  by  mechanical  means* 

The  elevation  of  the  base  of  the  dam  is  433.5  feet  abov^e  eea-level,  and  a 
24- inch  wood -stave  pipe,  tJoOO  feet  long,  banded  to  withstand  180  feet 
maximnm  preesore,  connects  it  with  a  15-inch  steel  main  that  is  laid  from 
the  end  of  the  main  flume  to  San  Diego*  The  location  and  elevation  of  the 
connection  of  these  pipes  has  practically  determined  the  43-foot  contour  In 
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the  reservoir  as  the  lowest  level  to  which  the  water  will  ordinarily  be  drawn 
when  tised  for  city  service,  nnless  a  more  direct  connection  be  made.  In 
times  of  scarcity  the  water  below  the  43 -foot  level  has  been  pumped  from 
the  reservoir. 

Crane  Valley  Hydraulie-fin  Dam.  California. — Some  years  ago  the  San 
Joaqniu  Electric  Company  erectetl  a  power-plant  on  the  San  Joaquin  River, 
34  miles  north  of  Fresno,  to  utilize  water  brought  from  the  North  Fork  ol 
the  San  Joaquin  to  the  power  station.  The  power-drop  at  tbia  place  is 
1410  feet,  and  the  plant  is  remarkable  as  one  of  the  first  to  make  use  of  so 
high  a  drop,  as  well  as  for  the  long  distance  of  the  transmission  of  power, 
as  the  company  deliver  electricity  to  Hanford,  a  distance  of  70  miles,  as  well 
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88  to  Fresno.  The  plant  was  designed  and  built  by  J.  J.  Seymour,  C.E., 
president  of  the  company,  and  by  J.  S.  Eastward,  chief  engineer,  under 
contracts  with  the  General  Electric  Company.  The  plant  was  entirely 
successful  until  a  severe  drouth  developed  such  an  unprecedented  shortage 
in  the  low-water  supply  as  to  diminish  the  possible  power  output  below 
the  demands  upon  it.  To  remedy  this  deficiency,  and  the  annual  shortage 
during  three  or  four  months  in  average  years,  the  company  undertook  the 
erection  of  a  storage-dam  for  impounding  the  flood  run-off  of  the  North 
Fork.  The  dam  was  planned  and  super\-ised  by  J.  M.  Howells.  C.E., 
and  is  a  structure  purely  of  the  hydraulic-fill  type.  The  general  dimen- 
sions of  the  original  plan  were  as  follows: 

Maximum  height 1(K)  feet. 

Length  on  U)\y 720    '  * 

Width  on  top 2[)    '' 

Sloi)e  on  water-.side 2:1. 

"      '*  lower  side 1.5  :  1. 

Width  of  canyon  at  base 50  feet. 

Width  60  feet  higher .SOO   ' ' 

Water  for  sluicing  was  brought  to  the  dam-site  a  distance  of  5  miles, 
by  flumes  and  ditches.  The  volume  used  was  15  second-fwt  (7.50  miner's 
inches),  which  was  delivered  to  the  summit  of  a  hill  overlooking  the  dam 
and  200  feet  above  it.  This  hill,  which  furnished  the  materials  for 
building  the  dam,  was  surveyed  and  explored  by  borings  to  determine 
the  quantity  and  quality  of  available  earth  for  the  puri)ose.  The  hill  has 
an  underlying  base  of  granite,  which  has  disintegrated  very  irregularly, 
leaving  hard  exposures  at  various  points,  while  in  places  the  depth  to 
solid  rock  is  very  great.  This  disintegrated  material  is  sandy  in  places, 
and  in  spots  it  has  passed  into  the  clayey  stage,  while  fragments  of  granite 
still  lie  bedded  intact,  furnishing  rock  for  the  outer  paving  of  the  eml)ank- 
ment.  Hard  bed-rock  is  exposed  over  nearly  the  entire  area  covered 
by  the  dam.  It  is  of  granite  throughout,  hardest  near  the  level  of  the 
stream,  where  erosion  has  polished  it  smooth  and  glassy.  Higher  on  the 
sides  it  is  not  so  hard,  but  has  made  an  excellent  foundation.  Advantage 
has  been  taken  of  a  cut,  blasted  out  from  the  solid  rock,  at  a  level  14  feet 
above  the  stream-bed,  by  an  old  mining  company  for  a  ditch  grade,  in 
which  to  place  the  outlet-sluices.  This  cut  was  arched  over  with  masonry 
for  the  entire  width  of  the  dam,  and  served  to  carry  the  flow  of  the  stream 
during  construction.  Gates  were  set  in  this  cut  on  the  center  line  of  the 
dam,  to  be  closed  when  the  dam  was  finished  and  storage  began.  The 
gate-stems  extend  up  through  a  circular  shaft,  22  inches  in  diameter. 
3  inches  thick,  reaching  to  the  top  of  the  dam.     This  shaft  is  made  of 
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successive  rings  of  cement  pipe,  6  to  12  inches  in  height »  \shich  were 
added  one  at  a  time,  as  the  dam  rryse.  During  construction  this  shaft 
served  to  draw  off  the  surplus  water  from  the  pond  formed  on  top  of  the 
embankment^  after  its  load  of  material  had  dropped  on  the  rising  dam* 

In  preparing  the  foundations  the  center  line  of  the  dam  w^as  ex- 
cavated to  t>ed-rock  and  all  loose  material  removed  for  a  width  of  20  feet 
from  tlie  center  line  on  the  up-stream  side*  Then  a  concrete  wall^  2  feet 
in  thickness,  and  about  2  to  5  feet  in  height,  was  built  on  bed-rock,  into 
which  was  firmly  imbedded  the  footings  of  a  wooden  core-wall,  of  doubled 


FiQ.  79. — Crane  Vallbt  Dam.    Showing  Wooden  Fence,  or  Center  DiafhraqMi 
WBiGu  WAS  Caarisd  Uf  to  a  Heioht  or  30  Feet  above  Bed-rock. 


1-inch  surfaced  sheeting.  This  wooden  partition  was  continued  to  a 
height  of  some  30  feet  above  the  base  of  the  dam,  its  object  being  mainly 
to  prevent  the  stratification  of  material  deposited  by  the  water  from 
extending  across  the  center  of  the  dam  from  either  side.  It  was  also 
designed  as  a  check  against  percolation  through  the  dam. 

It  had  been  intended  to  carry  this  partition  to  the  top,  but  as  the 
dam  building  progressed  it  was  found  that  stratification  could  be  efTect- 
ually  prevented  by  a  system  of  cutting  into  the  plastic  material  of  the 
central  part  of  the  dam  by  pushing  down  broad  wedge-shaped  planks 
or  paddles,  1  inch  thick,  12  inches  wide.  This  was  systematically  carried 
on  while  sluicing  was  in  progress^  and  in  eontinuoiiB  lines,  at  intervals 
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of  2  feet,  parallel  with  the  center  of  the  dam  on  the  up-stream  side,  for 
ft  width  of  20  feet  out.  As  the  workmen  were  able  to  shove  the  paddles 
into  the  mt^by  mass  to  a  depth  of  10  feet  or  more,  the  cleava^  aeross 
the  strati^catioQ  was  repeated  over  and  over  again.  On  the  withdrawal 
of  the  paddle  the  fine  silt  would  immediately  fill  the  hole,  and  thus  alter 
the  composition  of  the  maas* 

The  result  of  this  kneading  proems  was  so  satisfactor}*  that  on  the 
aides  of  the  eanyon,  at  an  elevation  of  50  feet  from  the  base,  the  wooden 


Fio.  80.— Crasoe  Valley  Dam      Showij^g  DjacHAitGB  op  Sluiced  Eauth  at  End  or 

Convey  mo  Flu«c. 


core- wall  was  carrietl  no  higher  than  6  feet  above  the  concrete  founda^ 
tion. 

A  porous  cement  contluit*  or  pipe  3  inrhes  diameter,  was  laid  on 
top  of  the  concrete  wall  aKaia«!t  the  wooden  sheeting  on  the  down- 
stream side,  throughout  it^  entire  length.  At  the  lowest  point  in  the 
stream-bed  the  pii>e  from  either  side  connected  with  a  6-inch  cement 
pipe;  laid  on  the  bottom  outward  to  the  toe  of  the  lower  slope.  These  pipes^ 
were  designed  for  drainage,  but  through  a  series  of  mishaps  they  came 
near  causing  the  destruction  of  the  dam.  During  a  sudden  freshet 
which  threatened  to  overtop  the  dam,  it  became  necessar^-^  to  use  powder 
to  blow  out  a  wooden  gate  that  had  accidentally  closed  the  outlet  cul- 
vert*    The  explosion  shattered  the  3-inch  drainage  pipe  at  one  point 
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over  the  culvert,  and  started  leakage  of  muddy  water  carrying  sand 
through  the  6-inch  outlet.  This  continued  until  it  carried  out  sufficient 
material  to  produce  a  crater  in  the  dam,  conical  in  shape,  reaching  to 
the  top,  and  discharging  over  1000  cubic  yards  of  the  finer  material  of 
the  center  portion  of  the  dam  before  it  was  finally  checked.  As  the 
dam  had  then  reached  a  height  of  70  feet,  and  the  reservoir  was  nearly 
full  the  situation  was  alarming.  The  cavity  was  hastily  filled  with 
gravel,   sandbag,   etc.,   and  the  leakage  finally  ceased,     A  shaft  was 


Fia  8L— C'rane  V.u4.i:v  HTDHAtJi.iC'FiLL  Dam.    Showing  Method  of  Loosening 
THE  Materula  Sluiced  into  the  Dam. 


then  sunk  down  to  the  break,  and  the  fact  discovered  that  the  break 
had  been  self-mended  by  being  plugged  with  roots  and  leaves  that  had 
been  washeil  into  the  dam  in  the  process  of  sluicing,  rather  than  by  the 
sandbags  and  other  fillings  that  had  been  thrown  into  the  cavity. 

Owing  to  long  delay  in  securing  permission  to  use  the  ditch,  which 
passed  through  a  United  States  Forest  Reserve,  it  was  necessary  to 
begin  sluicing  by  means  of  a  pump.  A  steam-pump  with  a  capacity 
of  2*25  second- feet  was  installed  on  the  bank  of  the  stream,  above  the 
dam-site,  and  delivered  water  through  an  11-inch  riveted  steel  pipe 
to  a  *' Little  Giant"  monitor  with  2i'inch  nozzle  at  the  borrow-pit, 
75  to  1 10  feet  above  the  stream. 

About  two-thirds  of  the  total  amount  of  material  placed  in  the  dam 
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was  conveyed  by  the  water  pumped.  When  the  permit  to  use  the  ditch 
was  finally  granted,  the  remaining  third  was  ground  sluiced  in  by  the 
use  of  the  flumes  that  were  employed  for  the  conveyance  of  pumped 
water.  These  flumes  were  laid  on  a  grade  of  6%,  which  was  the  mini- 
mum permissible  for  free  operation  with  the  comparatively  small  volume 
of  water  delivered  by  the  pump.  The  flumes  were  made  of  1-inch  pine 
boards,  12  inches  wide,  10  inches  deep,  covered  on  top  except  across 
the  dam,  where  the  cover  was  omitted.  With  this  small  flume,  and  the 
small  quantity  of  water  used,  it  was  not  possible  to  convey  any  rock 
to  the  dam,  or  material  coarser  than  fine  gravel,  even  on  6%  grades. 

Two  sets  of  flumes  were  used,  one  on  either  side,  in  alternation. 
When  one  side  of  the  embankment  was  raised  to  a  height  from  which  the 
heavier  particles,  making  their  own  gradients  toward  the  center,  ap- 
proached the  center  as  closely  as  was  deemed  expedient  the  stream  of 
material  was  shifted  to  the  flume  on  the  opposite  side,  which  was  then 
raised  accordingly.  At  the  base  of  the  dam  the  coarser  sand  was  not 
allowed  nearer  than  about  40  feet  from  the  center  line,  but  as  the  dam 
rose  and  its  top  width  decreased  this  distance  was  decreased  corre- 
spondingly. 

After  both  sides  had  been  raised  to  the  same  level,  by  an  even  dis- 
tribution on  each,  all  the  way  across,  the  water-level  of  the  pool,  always 
remaining  in  the  center  of  the  embankment,  was  then  raised  by  adding 
one  of  the  cement  rings  to  the  circular  drainage  shaft,  through  which 
the  surplus  water  was  allowed  to  escape.  This  raised  the  water-level 
of  the  central  pool  about  13  inches.  The  process  of  sluicing  was  then 
repeated.  As  the  dam  approached  the  60-foot  level  this  was  found  to 
throw  the  water-line  too  near  the  edges  of  the  dam,  and  rings  6  inches 
in  depth  were  added  thereafter.  The  flumes  were  so  placed  that  when 
the  dam  had  reached  an  elevation  equal  to  the  lower  end  of  the  flume, 
which  was  of  course  on  the  further  side  of  the  dam  from  which  the  exca- 
vation was  taking  place,  the  line  of  the  flume  was  at  the  outer  edge  of 
the  embankment.  The  flume  was  then  raised,  moving  it  toward  the 
center  of  the  dam  sufficiently  to  allow  the  process  to  be  repeated  on  the 
higher  level.  The  trestles  supporting  the  flumes  were  made  of  2"X4" 
plank,  which  could  generally  be  pried  out  of  the  sand  and  used  again. 
A  handspike  with  a  sharp  iron  spur  bolted  to  the  end  would  suffice  to 
start  any  one  of  the  posts  of  the  trestle  from  its  bedding  in  the  sand. 
The  flumes  were  thus  raised  about  10  feet  in  elevation  each  time. 

At  short  intervals  slotted  openings  were  made  in  the  bottom  of  the 
flume  through  which  a  driblet  of  water  was  allowed  to  run.  This  carried 
with  it  a  large  percentage  of  the  coarser  sand,  which  was  thus  deposited 
where  it  could  be  cast  by  shovels  to  the  slope  line. 

The  discharge  from  the  flume  to  the  dam  of  the  greater  portion  of  the 
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water  with  its  load,  was  made  at  convenient  points  by  side  gates  in  the 
flume,  formed  of  a  short  section  of  the  side  board  sawed  in  such  a  way 
that  it  could  be  swung  across  the  fiume,  turning  out  the  entire  flow  at 
that  point.  From  these  points  of  discharge  the  sand  and  silt  wer€ 
distributed  on  light  grades  until  the  central  pool  was  reached,  ^vhen 
precipitation  of  the  sand  took  place  at  once,  forming  bluff  banks  under 
the  water  near  its  edge^  while  the  fine  silt  particles  were  distributed 
across  the  pool. 

The  construction  was  suspended  when  the  dam  reached  a  height 
of  about  70  feet,  where  a  temporary  spillw^ay  was  available  over  a  gap 
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Fig.  82. — Eorrow-pits  fhom  which  Material  was  Sluiced  to  -niE  Crane 
Vallhv  Dam  in  Backghousd. 

in  the  crest  of  the  horseshoe  shaped  hill,  around  which  the  river  formerly 
flowed.     It  is  planned  to  be  extended  later  to  the  full  height  of  100  feet. 

On  completion  of  sluicing,  the  embankment  was  rip-rapped  on  both 
faces  with  broken  stone,  partially  taken  from  the  temporary  spillway, 
and  partly  gathered  from  the  adjacent  hillsides. 

The  preliminary  estimates  of  cost  of  the  dam  contemplated  an  expendi* 
ture  of  $25,000  for  the  100-foot  structure.  At  that  time  the  necessity 
for  pumping  was  not  considered.  The  actual  cost  of  the  work  done  could 
not  be  definitely  ascertained. 

This  example  of  hydraulic-fill  dam  building,  considering  the  class 
of  materia  available  and  the  conditions  under  which  it  was  constructed. 
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affords  a  moet  valuable  illustration  of  the  flexibility  of  the  hydraulie 
process  in  adapting  itself  to  the  building  of  a  stable  dam  at  small  cost 
.  with  materials  from  which  it  would  otherwise  or  by  other  methods  have 
been  impossible  to  secure  stability  or  water-tightness  in  an  embankment 
of  similar  height.  In  this  locality  the  cost  of  either  a  masonry  or  rook- 
fill  dam  would  have  been  so  great  as  to  be  commercially  unprofitable, 
while  the  materials  which  might  have  been  used  for  the  ordinary 
type  of  earth  dam  occurred  in  such  irregular  pockets,  interspersed 
between  huge  granite  bowlders,  as  to  be  difficult  of  access  and 
consequently  expensive.  The  material  was  also  of  doubtful  value 
for  earth-dam  construction,  built  in  the  usual  way,  with  plows  and 
scrapers,  because  of  the  difficulty  of  securing  solidity  and  compact* 
ness  and  proper  bond  with  the  bed-rock,  with  such  material,  with- 
out a  segregation  of  the  fine  from  the  coarse,  as  by  the  hydraulic  pro- 
cess. 

There  were  occasional  pockets  of  red  clay  mixed  with  sand  which 
had  been  filled  in  by  the  action  of  water,  instead  of  originating  from 
the  disintegration  of  granite  rock  in  place  as  the  bulk  of  the  material 
was  formed.  When  the  material  from  the  clay  pockets  came  onto  the 
dam  it  gave  trouble  to  the  workmen  to  keep  the  outer  edges  of  the 
embankment  up  to  the  steep  slopes  at  which  they  were  designed,  owing 
to  the  tendency  of  the  slippery  clay  to  slide  down  to  flatter  angles  of 
repose.  The  decomposed  granite,  however,  was  regarded  as  ideal  material 
for  hydraulic  dam  building,  as  it  was  found  to  contain  70%  to  80% 
of  3and  and  gravel  of  all  grades,  from  a  hazelnut  size  down  to  very  fine 
grains.  The  remaining  20%  to  30%  was  still  more  finely  divided,  dis- 
coloring .the  water  like  clay  and  requiring  considerable  time  to  settle. 
Such  material,  when  once  settled  and  drained,  offers  enormous  resistance 
to  the  percolation  of  water,  and  its  behavior  in  this  case  at  the  time 
of  the  break  is  not  easily  understood.  The  leakage  through  the  bottom 
pipe  was  small — never  more  than  30  to  40  gallons  per  minute,  but  even 
that  amount  of  water  passing  through  the  core  material  should  have 
been  impossible  if  the  central  portion  had  been  composed  exclusively 
of  the  fine  silt  or  clay.  There  must  have  been  some  unbroken  lines  of 
coarser  sand  crossing  the  central  zone  as  far  as  the  partition.  It  is 
doubtless  true  that  drainage  of  the  central  impervious  zone  of  hydraulic- 
fill  dams  should  be  made  exclusively  through  the  porous  friction-bearing 
materials  composing  the  outer  slopes,  and  not  by  any  defined  channel 
of  considerable  size,  such  as  the  cement  pipes  laid  under  the  base  of  this 
dam,  which,  as  this  example  shows,  may  become  a  source  of  dangerous 
concentration  of  drainage. 

The  dam  has  been  in  service  ever  since  its  completion,  and  is  regarded 
as  a  safe  structure. 
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Lake   Frances  Hydraulic-M  Dam,   California, — As  an  example  of 

imusual  difficulties  and  adverse  conditions  successfully  overcome  \^'here 
other  methods  have  failed,  the  repair  and  enlargement  of  the  broken 
Lake  Frances  dam  by  the  hydraulic  method  is  perhaps  the  most  con* 
spicuous  which  could  be  selected. 

This  dam  was  originally  built  as  an  ordinary  earth  dam,  by  the  Bay 
Counties  Power  Company,  two  miles  above  the  Colgate  Power  House, 
on  a  little  tributary  of  the  Yuba  River,  called  Dobbins  Creek.  It  is 
located  about  35  miles  from  Marysville,  in  the  mountains  of  Yuba  County^ 
at  an  elevation  of  1500  feet  above  searleveL     The  watershed  intercepted 


Fig,  S4.— BRE.Uk  in  Orioinal  Lak»  Frances  D^^m.     LooKiNti  vr  Stream. 


is  but  6.5  square  milea  above  the  dam,  from  which  the  run-off  fluctuates 
from  a  mere  trickle  of  3  or  4  ?niner*s  inches  to  an  extreme  flood  flow 
of  about  1000  second- feet.  The  dam  was  intendeti  to  form  a  small  reaer- 
voir  for  emergency  service,  and  is  located  400  feet  higher  than  the  pen- 
stock of  the  power-housep  which  receives  its  water  supply  from  the  North 
Fork  of  Yuba  River  through  a  wooden  flume  nine  miles  long,  built  in 
the  rocky  canyon  of  that  stream.  The  flume  is  subjected  to  occasional 
interruption  from  falling  rocks,  and  in  such  an  emergency  the  small 
reservoir  storage  of  the  Lake  Frances  reservoir  is  drawn  upon  for  a  few 
hours  at  a  time  to  maintain  the  operation  of  the  plant.  It  was  originally 
planned  to  utilize  the  power  at  certain  hours  of  the  day  when  the  demand 
was  leas  than  the  output  by  pumping  water  from  the  flume  up  to  the 
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higher  reservoir,  and  a  4-sjtage  iO-inch  centrifugal  pump  waa  ordered 
built  for  this  purpose.  This  olan  waa  not  carried  out,  but  one-haif  the 
pump  was  subsequently  fimshea  up  and  used  for  the  hydraulic*fiU  work 
which  will  be  described. 

The  original  dam  built  in  18M  had  a  maximum  height  of  50  feet^ 
was  yy2  teet  long,  16  feet  wide  on  the  crest,  and  was  given  slopes  of 
3  on  1  and  2  on  1,  t)n  the  up-stream  and  down-stream  sides  respecti  vely< 
It  formed  a  reservoir  of  42,67  acres  area  a^  the  spillway  level  (4  feet 
below  the  crest),  and  gave  a  storage  capacity  of  30,545,000  cubic  feet. 
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Pia.  SS.^Nbar  View  op  Right  Su>e  of  Bheak  in  Embankment  or  Lake  Frajsices 
Da.ii  SaowiNa  Roon  Exposed  by  the  Break* 


The  site  of  the  dam  as  well  as  a  large  part  of  the  r^ervoir-basin 
was  covered  with  pine  forest  when  construction  began,  and  had  to  be 
cleared  and  grabbed  to  get  at  the  material  in  the  borrow-pits. 

For  tw^o-thirds  of  its  length  from  the  east  end  where  the  embankinent 
was  lowest  in  height,  it  was  built  with  slip  and  wheel  scrapers,  the  earth 
being  spread  in  layers  of  6  and  8  inches  depth  and  moistened  and  rolled 
as  is  customary-  The  remainder,  covering  the  highest  and  most  im- 
portant portion  of  the  dam  on  either  side  of  the  orig;inal  etream  channel, 
was  built  late  in  the  season  when  the  ground  had  dried  out  and  the  water* 
supply  had  practically  failed.  The  rainy  season  w^as  approaching  and 
there  was  such  haste  in  completing  the  dam  that  the  earth  was  dumped 
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in  any  way  most  convenient,  as  in  an  ordinar}^  railway  embankment, 
without  any  attempt  at  spreading  in  layers.    The  steep  hill  slope  at  the 

west  end  was  not  even  cleared  of  stumps  and  roots  over  much  of  its 
surface,  as  the  subsequent  break  revealed. 

The  material  of  the  hillsides  consisted  of  red  clay  and  gray  sandy 
soil,  resulting  from  the  disintegration  of  syenite  rockp  devoid  of  mica. 
In  the  valley  proper  the  soil  contained  some  gravel  and  enough  vegetable 
mold  to  constitute  a  dark  loam. 

Rupture  of  Original  Dam, — A  few  days  after  the  fill  had  been  com- 
pleteil.  a  rainfall  of  9  inches  in  36  hours  caused  the  reservoir  to  fill  rapidly, 


FiG,  SO.— Toe  Levee  of  North  Face.  Lake  FRAXrE^  Dam,  and  1ni*etCris  at  H£JUI 
OF  FiVE'FOOT  Outlet  Cub\t:tiT, 

and  when  the  water  had  risen  to  within  six  feet  of  the  spillway  levels 
at  11  A»M,,  Oct,  21,  1899t  the  dam  was  suddenly  ruptured,  and  a  hole 
washed  through  it  100  feet  wide  at  top,  extending  down  to  and  below 
the  original  stream-bed.  The  dam  originaUy  contained  80,265  cubic 
yarda^  of  which  16,160  cubic  yards,  or  about  20%,  were  washed  away. 

Repair  and  Enlargement  bif  Hjfdraulic  Method. — During  the  summer 
following  the  break  the  writer  was  employed  to  report  on  the  repair 
of  the  broken  dam,  and  after  examination  recommended  that  the  hy- 
draulic sluicing  method  be  employed.  In  the  spring  of  1901  he  was 
placed  in  charge  of  construction,  associating  with  him  Mr.  J.  M.  Howells, 
M.  Am-  Soc,  C.  E,,  who  corroborated  the  writer^s  recommendation  of 
the  hydraulic-sluicing  process  as  the  most  desirable  means  for  recon- 
etruotion.     It  was  decided  that  it  would  be  unwise  to  repair  the  dam 
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by  simply  filling  the  gap,  as  it  would  subject  the  remainder  of  the  em- 
bankment, which  had  already  failed  at  one  point,  to  the  possibility  of 
a  repetition  of  the  same  disaster^  as  well  as  subject  the  old  and  new  parts 
to  unequal  settlement.  It  was  therefore  proposed  to  place  a  heavy 
layer  of  earth  against  the  upper  slope  of  the  original  fill  of  sufficient 
thickness  to  give  an  impervious  core  of  selected  fine  clay  between  zones 
of  porous,  stable  materiah  This  added  thickness  was  recommended  to 
be  125  feet,  measured  horizontally,  which,  if  carried  out  simply  as  a 
repair  of  the  old  dam,  would  have  left  it  with  a  crest  width  of  141  feet. 
With  this  broad  crest  it  was  evidently  safe  to  add  25  feet  to  the  height 
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Fig.  87. — Dome  un  Uati:  Chajheer,  Lx^ke  Frances  Dam;    also  TwENry-xwu^mca 

Sluicb  Pifb. 


of  the  dam.  The  filling  of  the  break  and  the  125  feet  fadng  required 
133 J 7^-  cubic  yards  of  material,  w*hile  the  increase  in  height  proposed 
involved  but  SI. 371  cubic  yards  additional  for  which  the  plant  would 
have  been  already  installed.  As  the  storage  would  be  increased  three 
and  one  third  times  the  extra  cost  was  manifestly  justifiablCi  and  the 
work  was  ordered  on  that  plan. 

Sluicing  tcith  a  Pump.—As  a  gravity  water-supply  waa  not  obtain- 
able it  became  necessary  not  only  to  pump  the  water  for  sluicing,  but 
to  build  a  small  storage- reservoir  below  the  dam  to  store  up  a  supply 
and  pump  the  water  over  and  over  again.  Owing  to  delay  In  com- 
pleting the  two-stage  tandem  centrifugal  pump  (one  half  of  the  large 
pump  referred  to)  on  account  of  a  machinists'  strike  in  San  Francisco, 
work  was  begun  on  a  small  scale  May  10,  1901,  with  a  6-inch  single-stage 
centrifugal  pump^  direct  connected  to  a  30-H*P.  motor>  installed  with 
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electric  current  supplied  from  the  Colgate  Power  House,  two  miles  away. 
This  pump  delivered  1,76  second- feet  under  a  head  of  100  feet,  and 
did  very  good  service  until  June  15.  By  its  use  4090  cubic  yards  were 
deposited  in  the  repair  of  the  break,  at  a  cost  of  18*27  cents  per  cubic 
yard.  The  larger  pump  wo^  finally  installed  and  put  in  service  Aug.  30, 
1901.  It  continued  to  supply  the  %vater  for  sluicing  until  the  completion 
of  the  dam  June  28,  1902, 

The  pump  had  a  capacity  for  delivering  6  cubic  feet  per  second, 
under  a  pressure  of  120  pounds  per  square  inch,  through  a  line  of  20-iiich 


*  PJlW'' 


Fig*  SS.— We^t  E^jd  of  Lake  FRA?fci:j^  Dam,  ^tiowiNO  the  Break  Restored,  th» 
Higher  Dasi  nkvrlv  Completed,  the  Hydraolig  Giant  at  woFtKi  and  ths 
Main  Pipe  Like  supplving  Water  to  the  Pctmf, 

pipe,  300  to  700  feet  long.  The  pump  was  belt-connected  with  a  350 
H*P.  synchronous  motor,  using  alternating  electric  current  at  2400  volts. 

A  careful  test  of  the  plant  made  Feb,  5,  1902,  showed  the  efficiency 
of  the  pump  to  be  61%  to  63%,  and  the  combined  efficiency  of  pump 
and  motor  of  50%  to  52%,  when  delivering  4,1  to  4.66  second-feet, 
under  104  pounds  pressure. 

The  first  work  of  the  new  plant  waa  to  complete  the  filling  of  the 
gap  in  the  original  dam  by  depositing  the  remaining  9620  cubic  yards. 
This  work  was  much  hampered  and  delayed  by  the  contracted  area 
to  which  it  was  reduced,  requiring  frequent  suspension  of  work  to  allow 
for  proper  settlement  and  drainage.  Levees  were  maintained  along  the 
iip-stream  and  down-stream  slopes,  one  or  two  feet  in  height,  composed 
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the  slopes,  and  prevent  slid^*  It  was  finally  found  necessary  to  resort 
to  the  use  of  pine  and  cedar  boughs  and  other  brush  6  or  8  feet  long 

laid  into  the  slopes  with  the  butts  iD^ide,  to  prevent  the  tendency  to  slip* 
This  was  effectual  in  knitting  the  mass  together  sufficiently  to  overcome 
the  sliding  and  sloughing  tendency. 

The  general  plan  of  building  the  north  face  and  the  top  embank- 
ment was  to  dehver  the  sluiced  materials  that  had  been  loosened  and 
washed  out  by  the  hydraulic  giants,  under  pressure  of  40  to  75  pounds 
per  square  inch  at  the  nozzle,  through  a  22-ioch  riveted  steel  pipe,  placed 
on  a  high  trestle  running  parallel  ^ith  the  axis  of  the  dam,  and  far 


i#^. 


Fig,  &0.— Lake  Frances  Dam,   November  6th,   1901,     From  South  BoRROW-prr, 

LOOKING  ALONG  AxiS  OF  ORIGINAL   DaAI, 


enough  inside  the  slope  lines  to  make  delivery  through  lateral  flumes  of 
moderate  length,  terminating  at  the  edges  of  the  rising  embankment- 
They  were  of  varj'ing  length,  accordmg  to  the  height  at  which  they  were 
designed  to  deUver,  and  were  made  about  25  feet  in  average  height. 
The  longest  trestle  with  which  the  additional  height  of  25  feet  above 
the  original  dam  w^as  built  was  1560  feet  long,  with  13  branch  trestles, 
as  shown  in  Fig.  92.     The  highest  bent  in  this  trestle  was  40  feet  high. 

The  sections  of  pipe  laid  on  the  trestles  were  separated  by  a  space  of 
two  to  four  feet,  which  space  was  filled  by  a  loose  curved  plate  or  half 
pipe  clamped  over  the  joint  with  key  bands  that  could  be  quickly  un- 
jointed  by  driving  out  a  key  and  shpping  off  the  band.  Thus  delivery 
of  a  part  or  the  whole  discharge  of  the  pipe  could  be  made  at  any  point 
desired. 
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The  volume  in  the  completed  dam  is  280,700  cubic  yards,  of  which 
amouDt  182,937  cubic  yards  were  deposited  by  sluicing  in  the  period 
of  253  days* 

A  record  of  the  actual  time  of  sluicing  shows  an  aggregate  during 
this  period  of  1581  workiDg  hours,  or  a  little  over  25%  of  the  total  time. 
Omitting  Sundays  and  half  the  nights,  the  sluicing,  in  shifts  of  10  hours 
per  day,  was  carried  on  about  one  half  the  maximum  available  time. 
The  other  half  was  lost  by  reason  of  stoppages  required  for  buildJDg 
trestles,  and  also  from  lack  or  shortage  of  power. 
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Fig,  9  L^  Lake  Frances  Dam  CoxHSTiiLcrigN.     Fust  ting  Station,  su  owing  SucnOM 
Pipe  connected  to  Tandem  CE3vTTtiFuaAL  Pump.    Crib  Dam  in  Foreground 

BUILT  TO  STORE  WaTER  FOR  EARLIER  OpBRATIONB* 


The  volume  of  water  used  was  carefully  measured  and  found  to  vary 
from  4,5  to  7.0  second-feet.  The  total  w^ater  pumped  was  ^timatad 
at  30,740,000  cubic  feet^  while  the  total  volume  of  solids  transported 
and  deposited  in  the  dam  amounted  to  4.940,000  cubic  feet,  or  16.0% 
of  the  entire  amount  of  water  pumped.  This  was  in  addition  to  about 
2%  or  3%  of  silt  carried  in  suspension  and  drained  back  into  the  reser- 
voir. 

The  weekly  percentages  of  solids  carried  by  the  water  varied  from 
a  mimmum  of  6.1%  to  a  maximum  of  47,7%*  With  unlimited  power, 
clear  water,  good  material  in  the  pit,  a  bank  over  25  or  30  f^t  high 
and  all  conditions  favorable,  the  material  poured  in  rapidly  and  the 


H  YDRA  UUCmi    DA  MS. 

ratio  was  maiiitained  for  several  weeks  from  32%  to  38%  of  solids,  A 
frequent  cause  of  delay  was  due  to  accumuktioti  of  roots  and  stones 
IB  the  borrow*pit,  preventing  a  continuous  flow  of  earth  to  the  sluice 
ditch.  Another  cause  was  the  occasional  clogging  of  the  deliverj^-pipe 
by  reason  of  the  light  grade,  and  a  momentary  increase  in  percentage 
of  solids  carried.  The  be.st  week's  work  was  22,350  cubic  yards,  deposited 
in  94.5  hours,  an  average  of  236  cubic  yards  per  hour  with  6*5  second- 
feet  of  water,  and  a  ratio  of  27.2%  solids.  The  power  used  averaged 
JB6  H.F.,  showing  a  combined  efficiency  of  pump  and  motor  of  53*9%. 


mM^ 


FlO,  92,— Laki:  Fran^ce^p  Cal,,  Hyi>raulic-fill  Dam  BTTTtnrNO.  Browtno  CVl^ll 
L£VE£9  Maintained  wetii  Bh^sh^  DEFLEcrriVG  Boards  for  Distributinq 
Slu ICINGS  ALONG  Slope,  qektle  Slopes  toward  Center  of  Dam,  and  Geautjal 
Movement  of  Drainage  towabd  extbkwb  End. 


The  total  power  used,  at  *  cent  per  H.P^H.,  cost  $2054,  or  about  1  cent 
per  cubic  yard  moved. 

The  minimum  cost  for  labor  during  any  one  week's  run  was  3.8  cents 
per  cubic  yard.  The  average  labor  cost  was  about  15  cents  per  cubic 
yard,  and  the  total  cost,  including  all  power,  materiaLs,  and  plant,  was 
probably  less  than  20  cents  per  cubic  yard.  Under  more  favorable 
conditions  the  work  might  have  been  done  at  an  average  of  3  to  5  cents 
per  cubic  yard. 

These  improved  conditions,  easily  attaina1>Ie  for  hydraulic-^fill  dam 
oonstructron  in  many  localities,  may  be  outlined  as  follows: 

(a)  Constant,  uninterrupted  pom^er  amply  sufficient  to  do  the  work 
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leqtiired  if  the  water  has  to  be  supplied  by  pumping,  but  preferably  a 
gravity  supply  of  10  to  30  second-feet,  giving  greater  carrying  power 
and  greatly  increasing  the  output  of  material  with  the  same  force  of 
attendants. 

(b)  Shorter  top  length  of  dam,  permitting  the  use  of  steeper  gra- 
dients in  the  sluice  boxes  and  delivery-pipes,  and  consequently  giving 
higher  velocities  and  ability  to  move  rock  of  considerable  size  for  sta- 
bility of  slopes.  In  this  case  much  rock  was  necessarily  left  in  the  pit 
where  it  was  in  the  way  and  was  a  source  of  diminished  efficiency,  although 
greatly  needed  on  the  dam,  because  of  lack  of  transporting  power. 

(c)  Delivery  from  both  ends  of  a  dam  simultaneously,  instead  of  from 
one  side  alone,  which  would  permit  of  increased  gradients  and  more 
effective  delivery  of  coarse  material  throughout  the  entire  length  of  the 
dopes. 

(d)  A  larger  proportion  of  sand,  gravel,  or  broken  stone  uf  less  than 
10  or  12  inches  diameter,  rendering  the  slopes  stable  without  the  use 
of  brush,  and  avoiding  the  building  of  dr^*'  levees  with  teams. 

Setdement. — The  dam  was  constantly  undergoing  settlement  as  the 
water  was  being  pressed  out  of  it.  This  was  observed  by  the  distor- 
tion of  the  flumes  and  pipe  trestles,  and  the  slope  boards  on  the  slopes. 
The  greatest  amount  of  settlement  measured  on  the  posts  of  the  last 
trestle  used  on  the  north  face  was  3.43  feet,  or  about  9%  of  the  height. 
The  ori^nal  dam  settled  2.5  feet  vertically,  notwithstanding  the  fact 
that  it  had  been  exposed  to  the  rains  of  two  previous  winters,  and  was 
presumably  solid. 

Comparison  of  the  volume  of  the  dam  with  that  taken  from  the  borrow- 
pit  (covering  7.12  acres,  excavated  to  a  mean  depth  of  21.5  feet)  indi- 
cated that  the  former  was  but  84.6%  of  the  latter,  and  estimating  the 
silt  carried  off  by  the  tail-water  at  4.4%,  the  shrinkage  of  the  soil  from 
its  natural  condition  in  the  bank  to  its  compacted  state  in  the  dam  was 
about  11%,  a  practical  illustration  of  the  solidifying  action  of  water 
in  building  dams  by  this  process.  In  fact,  from  the  compact  condition 
of  hydraulic-fills  generally,  it  appears  certain  that  it  is  not  possible  to 
secure  such  density  of  earth  by  any  other  process,  even  at  many  times 
the  cost. 

S(raHficaHon. — ^The  same  means  were  used  in  this  work  to  prevent 
or  break  up  stratification  across  the  center  as  were  employed  on  the 
Crane  Valley  dam.  The  work  of  thrusting  down  paddles  or  planks 
was  continuously  kept  up,  the  men  working  from  boats  or  rafts  float- 
ing in  the  pond  of  mud  on  top  of  the  dam.  Where  any  tendency  was 
discovered  for  the  formation  of  local  stratification  of  sand  streaks  across 
or  near  to  the  center  it  was  corrected  by  a  change  in  the  position  of 
the  dump  and  the  grade  from  the  sides  toward  the  center. 
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Spillway. — The  service  oiitlet  of  the  Lake  Frances  dam  is  a  SO-inch 
east-iron   pipe,   laid   through   the   embankment   and    surrounded   with 

masonry.  Alongside  of  this  pipe  a  masonry  culvert  was  built  for  draw- 
ing off  surplus  water  at  will  before  the  reservoir  is  filled  to  the  spillway 
level.  The  spillway  proper  is  SO  feet  long,  and  is  formed  by  a  slab  of 
concrete^  8  inches  thick,  reinforced  with  continuous  sheets  of  expanded 
metal.  Owing  to  the  absence  of  rock  this  concrete  slab,  of  Ogee  form, 
was  laid  on  the  natural  earth  and  discharges  into  a  paved  basin,  from 
which  a  ditch  leads  to  an  isolated  rock  cliff,  500  feet  away. 

After  the  completion  of  the  dam,  during  the  winter  of  1904-5,  the 
lake  was  filled  to  overflowing,  with  the  5-foot  culvert  discharging  its 
full  capacity,  and  water  ran  22  inches  deep  over  the  spillway.  Evi- 
dently, the  original  spillway,  40  feet  wide  without  an  auxiliary  dis- 
charge culvertp  would  have  been  totally  inadequate,  so  that  the  first 
dam  was  doomed  to  ultimate  destruction  even  had  it  not  been  breached 
as  it  was* 

Hydraulic-^ling  of  the  Milner  Bams  on  Snake  River,  Idaho. — In 
the  foregoing  chapter  on  rock-fill  dams,  a  description  was  given  of  three 
combination  rock-fill  dams  built  on  Snake  River,  Idaho,  in  1904-5. 
The  hydraulic  filling  w^as  of  a  character  quite  distinct  from  that  em- 
ployed in  the  pure  types  of  hydraulic-fill  dams  hitherto  treated  of  in 
this  chapter,  and  is  deserving  of  further  notice.  The  earth  available 
for  this  work  was  of  one  class  only,  and  consisted  of  fine  white  or  grayish 
soil  which  covers  the  plains  of  that  region  to  a  depth  varying  from  one 
to  twenty  feet  or  more.  It  is  exceedingly  fine  in  texture,  an  almost 
impalpable  powder,  free  from  grit  and  wonderfully  uniform  in  quality. 
A  test  made  by  the  writer  showed  that  it  was  like  finely-ground  cement, 
as  nearly  90%  would  pass  through  a  sieve  of  10,000  meshes  per  square 
inch.  It  is  classed  as  loess  or  wind-borne  soil,  and  is  doubtless  a  fine 
volcanic  ash.  It  absorbs  water  slowHy  in  bulk,  like  flour,  but  when 
once  wet  packs  very  solidly'  and  becomes  as  stable,  as  impervious,  and 
as  dense  as  clay,  with  this  advantage  that  it  does  not  shrink  and  crack 
in  dr}4ng.  Using  this  material  as  a  backing  for  the  rock- fill,  it  was 
ven^  evident  that  the  voids  in  the  rock-fill  above  the  wooden-core  wall^ 
described  in  the  previous  chapter,  could  only  be  filled  by  sluicing  the 
earth  in  place  with  water.  It  was  also  considered  that  desired  water- 
tightness  of  the  mass  could  best  be  obtained  by  a  thorough  saturation 
during  construction.  The  earth  had  to  be  obtained  at  a  distance 
of  2000  to  8000  feet  from  the  dam,  A  portion  of  it  nearest  to  the 
dam  was  scraped  into  a  box  at  the  borrow-pit,  by  slip  and  wheel 
scrapers  and  dump  wagons,  and.  water  bein^  pumped  from  thf*  river 
to  the  box,  the  earth  was  thus  sluiced  through  a  flume  to  the  point  of 
discharge  at   the   dam,     The  volume   of  water   discharged  by  «in^la 
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4-inch  centrifugal  pumps  was  about  1.5  second-feet.  The  flumes  were 
about  12  inches  square,  open  at  top.  No  determinations  were  made 
of  the  percentage  of  solids  carried  in  this  way,  but  the  water  seemed 
to  be  well  loaded  at  all  times,  and  flowed  freely  on  grades  of  2%  to  5%. 

In  building  the  two  dams  in  the  high-water  channels  there  was  no 
difficulty  in  maintaining  a  levee  of  dry  earth  at  the  outer  toe  of  the 
slope  with  teams,  the  earth  being  hauled  in  by  wagons  and  scrapers. 
All  of  the  earth  for  the  south  dam  and  a  large  part  of  that  for  the  middle 
dam,  except  for  the  base,  was  hauled  by  cars  and  electric  locomotives 
from  borrow-pits  a  mile  or  more  away,  on  the  south  side  of  the  river. 
It  was  loaded  into  the  cars  either  by  teams  through  traps,  or  by  an 
electric  shovel,  and  dumped  at  the  nearest  end  of  the  dam  at  such  an 
elevation  that  the  water  would  carry  it  on  a  grade  to  the  further  end. 
The  grade  naturally  assumed  by  the  earth  thus  sluiced  was  from  2% 
to  4%.  The  liquid  mud  freely 'entered  the  voids  of  the  rock-fill,  and 
filled  them  soUdly  as  far  as  the  center  core-wall  of  wood.  As  it  rose 
in  height  some  slight  leakage  would  show  below  for  a  time,  but  the 
joints  in  the  wood  quickly  swelled  and  filled  with  mud  and  became 
entirely  tight.  The  earth  was  always  twenty  feet  or  more  below  the 
top  of  the  rock-fill,  and  the  work  progressed  at  such  a  moderate  rate 
that  the  embankments  had  ample  time  to  settle  and  solidify.  The 
earth  packed  so  readily  that  in  four  days'  time  after  sluicing  was  sus- 
pended a  team  could  be  driven  over  the  embankment  without  sinking 
in,  although  while  sluicing  was  in  progress  a  pole  could  be  pushed  down 
into  the  mud  to  a  depth  of  10  feet  or  more,  particularly  at  the  extreme 
end  where  the  water  stood  longest  in  the  pool. 

Very  little  surface  drainage  was  required  to  get  rid  of  the  surplus 
water.  It  seemed  to  be  absorbed  and  disappear,  without  showing  up 
either  above  or  below  the  dam.  The  earth  came  to  the  dam  in  a  pul- 
verized, dusty  condition,  and  the  water  was  sprayed  upon  it  and  at 
once  saturated  it  to  the  softest  of  mud.  About  80^^  of  the  earth  in 
the  south  and  middle  dams  was  sluiced  in  place,  and  20%  put  in  by 
teams  at  the  outer  slope.  This  dry  portion  constantly  absorbed  moisture 
from  the  adjacent  mass  of  mud,  and  thus  became  equally  hard  and  solid. 

The  hydraulic-filling  of  the  north  or  channel  dam  was  principally 
delivered  from  the  north  side  of  the  river  through  a  flume  into  the  upper 
end  of  which  a  receiving-box  was  placed,  into  which  the  earth  was 
dumped  from  wagons  through  a  trap  where  the  pumped  water  sluiced 
it  down  to  the  dam. 

The  earth  was  loaded  into  the  wagon  by  means  of  a  travelling  exca- 
vator with  belt  conveyors  that  deUvered  a  continuous  stream  of  earth 
to  the  wagons  travelling  by  its  side  until  each  received  its  load. 

In  this  case  the  water  used  was  about  1  second-foot  and  the  lower 
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end  of  the  Qume  discharged  along  the  upper  side  of  the  wooden  core- 
wall,  on  top  of  the  rock-fill,  first  filling  the  voids  in  the  rock  and  then 
extending  up-stream  into  deep  water  20  to  30  feet  in  depth.  On  reach- 
ing the  water  it  assumed  a  very  flat  slope  under  the  water-line  of  6 
or  7  to  1.  When  the  fill  had  reached  the  top  of  the  water  by  this  proems 
the  slopes  were  drawn  in  to  the  regular  4  on  1  slope. 
,    The  contract  prices  for  this  work  were  as  follows: 

Dry  earth  embankment — . . , 27.5  cents  per  cu.  yd. 

Earth  embankment  placed  by  sluicing    37,5    '  *       "       " 

These  prices  were  necessarily  high   on  account  of  the  remoteness  of 
the  locality,  the  high  cost  of  fueK  labor,  suppli^,  and  materials, 

Waialua  Dam^  Hawaii. — Beginning  about  the  year  1889,  extensive 
development  in  the  growth  of  sugar-cane  was  made  upon  the  island 
of  Oahu  by  means  of  irrigation  with  water  from  artesian  wells  located 
near  the  seashore,  the  water  being  forced  by  powerful  pumps  to  varying 
levels  up  to  650  feet  above  the  sea-level.  Costly  pumping  stations  were 
installed  and  provision  made  for  the  delivery  of  v%^ry  large  volumes  of 
water.  The  fertility  of  the  soil  is  such  that  an  expenditure  of  $50  to 
$75  per  acre  per  annum  for  pumping  water  was  amply  justified  by  the 
yield  of  cane  to  be  secured  by  that  means.  One  of  the  latest  and  largest 
of  the  pumping  systems  installed  on  the  island  is  on  the  Waialua  Sugar 
Plantation,  22  miles  from  Honolulu,  stretching  for  several  miles  along 
the  north  shore,  and  extending  back  to  an  elevation  of  700  to  800  feet. 
The  aggregate  capacity  of  the  pumps  in  the  four  great  pumping^stations 
on  this  plantation  is  72,000,000  gallons  per  24  hours,  their  average  lift 
being  from  231  to  540  feet,  %vith  an  extreme  lift  of  650  feet.  The  cost 
of  pumping  runs  into  high  figures.  The  fuel  bill  for  irrigation  pumping 
alone  in  1902,  before  the  introduction  of  CaUfomia  oil,  was  over  $180,000, 
and  the  average  cost  of  water  was  $63.36  per  acre  for  that  year.  To 
reduce  this  cost  of  lifting  water  to  the  higher  levels,  as  well  as  ti>  increase 
the  water-supply  and  extend  the  irrigable  area,  the  plantation  manager 
decided  in  1903  to  undertake  the  storage  of  flood  water  by  the  building 
of  a  dam  on  an  intermittent  stream,  called  the  Kaukonahua  Gulch, 
which  flows  through  the  property,  and  in  May  of  that  year  the  author 
was  engaged  to  report  on  the  construction  of  the  dam,  which  had  been 
projected  by  the  Wahiawa  Water  Co,  This  company  had  been  or- 
ganized by  Mr.  L.  G,  Kellogg  some  years  before  to  supply  water  to  the 
Wahiawa  Colony  lands,  located  on  a  high  plateau  between  the  two  forks 
of  the  Kaukonahua  Gulch,  where  a  colony  of  Americans  were  engaged 
tn  growing  pineapples*  The  company  built  a  ditch  to  the  Colony,  and 
subsequently  surveyed  the  reservoir-site  and  contracted  with  the  Waialua 
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Sugar  Plantation  to  take  stock  in  the  Water  Company  to  supply  funds 
for  building  the  dam,  and  purchase  the  reservoir  water  at  an  agreed 
rate. 

The  Kaukonahua  heads  in  the  Koolau  Mountains  at  an  elevation  of 
2360  feet,  where  the  annual  rainfall  is  about  180  inches,  well  distributed 
through  the  year.  The  watershed  is  of  limited  area,  but  the  run-off 
18  at  times  very  great,  fluctuating  spasmodically  between  wide  extremes^ 
80  that  storage  is  needed  to  utilize  the  stream  to  any  advantage.  From 
the  Umited  data  available  it  was  estimated  that  the  total  annual  run-off 
was  about  50,000  acre-feet,  so  distributed  through  the  year  that  the 
reservoir,  which  has  a  capacity  of  but  7800  acre-feet  (2,500,000,000 
gallons)  could  be  filled  and  emptied  several  times  each  year,  and  there- 
fore be  as  serviceable  as  a  much  larger  reservoir  filled  less  frequently^ 
inasmuch  as  the  irrigation  season  is  practically  continuous.  The  reser- 
voir occupies  two  forks  of  the  stream  which  join  immediately  above 
the  dam,  water  backing  up  in  each  from  4  to  6  miles.  They  are  generally 
parallel,  and  are  practically  two  miniature  canyons  cut  down  throu^ 
a  sloping  plain  to  a  depth  of  150  to  200  feet.  The  formation  thus  exposed 
in  section  is  all  of  volcanic  origin  and  consists  of  decomposed  lava,  in 
alternating  layers  and  of  all  shades  of  color  from  red  to  reddish  brown 
and  purple  to  bright  yellow.  This  formation  is  generally  quite  free 
from  any  tendency  to  slide,  and  will  often  stand  vertically  in  trenches 
or  tunneb  without  timbering  for  an  indefinite  time.  It  is  so  free  from 
grit  that  it  resists  the  erosive  action  of  water  in  a  remarkable  manner. 
It  was  apparently  not  sufficiently  stable  to  afford  a  reliable  foundation 
for  the  masonry  dam  that  had  been  originally  considered,  and  after 
examining  the  site  the  author  recommended  the  adoption  of  a  com- 
bination rock-fill  and  hydraulic-fill,  with  a  wooden  diaphragm  in  the 
rock-filled  portion,  to  be  imbedded  at  the  bottom  in  a  concrete  wall, 
the  latter  to  be  carried  down  in  a  trench  far  enough  to  intercept  various 
strata  of  porous,  cinder-like  material  encountered  in  the  test-pits;  the 
earth-fill  to  be  sluiced  into  place  against  the  rock-fill  and  the  diaphragm 
and  to  have  an  up-stream  slope  of  4  on  1.  Mr.  H.  Clay  Kellogg,  C.E., 
of  Santa  Ana,  California,  who  had  made  the  original  surveys  and  test- 
pits  of  the  dam  and  reservoir-site,  was  employed  to  build  the  dam,  and 
carried  out  the  work  in  a  very  efficient  manner,  substantially  on  the 
plans  described.    The  dam  has  the  following  dimensions: 

Maximum  height  above  stream-bed 98  feet 

"  "     above  base  of  core- wall 136    '' 

Length  on  crest 460    ** 

Width  on  crest 25    " 

Total  width  of  base,  up-  and  down-stream 580    " 
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The  rock-fill  portion  has  a  base  width  of  80  feet,  cr^t  width  1L5  feet, 
down-stream  batter  0.75  :  1^  up-stream  face  vertical;  volume  26,000 
cubic  yards.  The  wood  diaphragm  is  located  two  feet  below  the  up- 
Btream  face  of  the  rock-fill,  which  is  chiefly  composed  of  a  hand*laid 
dry  walL  The  diaphragm  consists  of  double  2-inch  redwood  plank, 
laid  horizontally  and  spiked  to  3  by  6  inch  posts,  placed  two  feet  apart, 
center  to  center,  with  a  double  la3^er  of  burlap  dipped  in  hot  asphaltum 
between  the  two  layers  of  plank.  This  latter  precaution  secured  abso- 
lute wateMightness  to  the  diaphragm  during  construction,  preventing 
any  leakage  of  liquid  earth  through  the  rock-filL 

The  rock  was  brought  to  the  site  by  a  train  of  cars  and  locomotive 
from  a  distance  of  one  to  six  miles,  and  consisted  of  basaltic  boulders 
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Fig,  93.— Waialda  Dam  SEcnoNS. 


found  in  the  dry-stream  channels  of  the  Waianae  Mountains,  many  of 
which  required  blasting  for  convenience  of  loading  by  hand. 

They  were  dumped  from  the  top  of  a  tr^tle  built  at  the  outset  to 
the  full  height  of  the  dam  (see  Fig.  95),  and  the  larger  stones  selected 
from  the  dump  for  laying  up  the  faces  of  the  wall.  The  height  from  which 
the  rocks  were  dropped  consolidated  the  embankment  quite  effectively,  so 
that  little  or  no  settlement  has  been  noticeable  since  the  completion  of 
the  dam,  although  shortly  before  completion  the  outer  facing  wall^  some 
2  feet  thick,  bulged  out  about  a  foot  beyond  the  slope  line  over  a  limited 
area,  indicating  that  some  settlement  had  occurred.    This  was  corrected 
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by  relajring  the  bulged  portion  to  the  true  line,  after  which  no  further 
movement  was  observed. 

The  concrete  core-wall,  as  shown  by  the  longitudinal  section  (Fig 
93)  extends  to  a  depth  of  38  feet  entirely  across  the  bottom  of  the  valley, 
and  into  the  hillsides  laterally  from  10  to  20  feet. 


The  trench  was  cut  about  5  feet  wide  and  entirely  filled  with  con- 
crete. The  wall  extends  2  to  4  feet  above  the  surface,  stepped  down 
the  sides  of  the  canyon  in  horizontal  and  vertical  steps  as  indicated. 
During  construction  the  flood-waters  were  handled  by  a  large  flume, 
supplemented  by  three  capacious  tunnels,  one  of  which  was  subsequently 
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Utilized  for  the  permanent  outlet  of  the  reservoir  by  a  4S-inch  pipe  laid 
through  it. 

Water  for  hydraulic  sluicing  was  delivered  by  a  pipe  laid  from  the 
lower  end  of  the  Colony  ditch  to  a  point  about  50  feet  higher  than  the 
top  of  the  dam  and  2000  feet  distant  from  it.  Betw^een  this  point  of 
delivery  and  the  dam  was  a  body  of  earth,  consisting  of  the  decomposed 
lava  d^cribed,  which  w^as  considered  suitable  for  the  embankment. 
The  method  employed  for  moving  the  earth  wbs  that  known  in  placer 
mining  parlance  as  *' ground  sluicing/'     As  the  head  available  w^as  in- 
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Fig.  95. — ^Waialua  Dam,  bhowino  Htdraulic-fiix  being  Sluiced  in  against 
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sufficient  to  do  effective  work  in  cutting  and  loosening  the  earth  by 
the  hydraulic  jet  usually  employed,  and  as  the  material  was  peculiarly 
resistent  to  erosion,  it  l>eeame  necessary  not  only  to  plow  the  ground, 
but  to  devise  means  for  placing  the  loosened  material  into  the  flowing 
stream  of  the  ditch  in  order  to  accomplish  its  delivery  to  the  dam. 
Ordinary  soils  can  be  washed  very  readily  by  flowing  water  over  the 
fiurface,  even  without  plowing.  In  this  case,  however,  the  pecuhar 
cohesiveness  and  unctuous  character  of  the  soil  made  it  exceedingly 
difficult  to  sluice,  and  the  method  finally  adopted  was  to  dig  a  ditch 
about  4  feet  deep  at  the  upper  end,  and  12  to  16  feet  deep  at  the  lower 
end  next  to  the  dam,  having  a  bottom  gradient  of  about  4%,  through 
which  the  water  was  turned  to  the  amount  of  8  cubic  feet  per  second. 
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This  ditch  was  1300  feet  long.  The  soil  was  then  plowed  to  a  width 
of  12  feet  on  either  side  by  means  of  plows  drawn  by  cables  from  portable 
winding  engines  stationed  at  each  end — the  ordinary  English  steam 
plow.  After  plowing  the  ground,  the  traction-engines  of  the  plow  were 
used  to  drag  a  V-shaped  scraper  or  "Crowder,"  as  it  was  called,  along 
the  plowed  surface,  thus  crowding  the  loosened  earth  into  the  running 
water  of  the  ditch  alongside.  Receiving  its  load  of  earth  in  this  way, 
the  velocity  of  the  water  was  sufficient  to  carry  the  material  to  the  dam, 
although  when  merely  turned  over  the  surface  of  the  plowed  ground 
the  water  ran  over  it  clear  without  picking  it  up  and  washing  it  away, 
for  lack  of  the  gritty,  cutting-tools  of  erosion,  such  as  sand  or  gravel. 
This  process  of  alternately  plowing  and  crowding  was  continued  until 
the  ditch  grade  was  reached,  when  a  new  strip  was  plowed,  and  the 
ditch  shifted  over  to  the  bluff  bank  on  either  side  of  its  original  position. 
This  work  of  loosening  and  delivering  the  soil  to  the  ditch  was  done 
by  Japanese  under  contract  for  eight  cents  per  cubic  yard.  The  cost 
of  distributing  it  on  the  dam  averaged  3  cents  per  cubic  yard,  a  total 
of  11  cents  per  cubic  yard.  The  total  volume  of  the  earth-fill  was  141,000 
cubic  yards,  of  which  100,000  cubic  yards  were  put  in  by  the  aid  of  the 
four  steam-plows  borrowed  from  the  plantation.  The  remaining  41,000 
cubic  yards  were  put  in  by  hand  labor,  blasting,  picking,  and  shovelling 
into  the  ditches.  An  area  of  eleven  acres  was  stripped  to  an  average  depth 
of  8  feet  to  secure  the  material  for  the  dam.  The  total  cost  of  the  dam 
was  $281,000,  including  a  diverting  or  relief  dam,  29  feet  high,  built  at 
the  up-stream  toe  of  the  main  dam,  with  sheet-piling  core,  and  also 
including  four  long  tunnels  around  the  dam,  the  regulating-gate  tower, 
48-inch  outlet-pipe  and  gate,  and  the  spillway,  which  is  135  feet  in 
width,  6  feet  deep,  lined  with  concrete,  stone  rip-rap  on  the  upper  face, 
18  inches  thick,  etc. 

The  material  composing  the  hydraulic-fill  had  the  remarkable  quality 
of  settling  so  rapidly  that  the  water  flowing  off  at  the  further  side  of 
the  dam  was  clear  enough  to  drink,  while  the  fill  immediately  became 
hard  enough  to  walk  upon,  and  within  a  few  days  the  outer  surface 
became  so  firm  that  stakes  could  be  driven  into  it  with  difficulty.  There 
appears  to  have  been  no  settlement  of  the  embankment  whatever  after 
completion  of  the  dam,  and  when  examined  by  the  author  in  May,  1007, 
a  year  after  it  had  been  filled  and  in  service,  the  water-line  along  the 
slope  was  an  absolutely  straight  line,  without  deviation  or  distortion 
whatever. 

During  the  first  year  of  service  a  stream  of  clear  water  measuring 
about  0.4  second-foot  issued  from  the  lower  toe  of  the  dam,  apparently 
coming  from  the  sides,  and  probably  around  the  dam.  Since  that  time, 
this  leakage  is  reported  to  have  materially  diminished  and  practically 
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ceased.  The  elevation  of  the  spillway  of  the  dam  is  844  feet  above 
sea-level,  and  the  ditch  taken  from  the  outlet  commands  all  lands  on  the 
plantation  below  the  700-foot  level. 

After  the  completion  of  the  dam  in  1905,  it  was  decided  to  widen 
the  spillway  from  50  feet  to  125  feet  and  the  material  excavated  was 
sluiced  to  the  lower  toe  of  the  dam  against  the  rock-fill,  where  it  assumed 
a  natural  slope  of  about  5  on  1,  reaching  to  a  height  of  25  to  30  feet  upon 
the  down-stream  face  of  the  dam.  This  addition  was  considered  of 
doubtful  value  because  it  was  not  previously  underdrained,  and  tended 
to  cut  off  the  drainage  afforded  by  the  rock-fill  although  increasing  the 
stabiUty  of  the  steep  rock-slope.  Inasmuch  as  seepage  has  steadily 
decreased,  however,  since  this  work  was  done,  it  must  be  admitted  that 
the  toe  embankment  is  unobjectionable.  During  the  freshets  in  the 
summer  of  1907  the  reservoir  was  filled  to  overflowing,  and  water  poured 
through  the  enlarged  spillway  to  a  depth  of  2  feet  for  a  considerable  time. 

The  ditch  from  the  reservoir  was  built  a  distance  of  eleven  miles, 
with  a  capacity,  of  96  sec.  ft.  It  involved  the  excavation  of  twenty-one 
tunnels,  6'x6',  aggregating  20,780  feet,  the  longest  being  1700  feet. 
They  were  excavated  by  contract  at  a  cost  of  40  cents  per  linear  foot 
in  earth,  60  cents  to  $1.00  per  foot  in  soft  rock,  and  $4.00  per  linear 
foot  in  solid  rock.  Open  ditch  excavation  cost  16.5  cents  per  cubic 
yard.  It  also  required  the  building  of  three  notable  inverted  siphons 
of  riveted  steel  pipes  of  following  dimensions: 

Pohamoho  Gulch,  54  inches  diameter,  1320  feet  long,  400  feet  max.  head. 
Halemano       *'     54      ^'  ''  300    ^'      "       " 

Opaeula  ''     48       ''  ''  900     ''    ''      200    ''      "       " 

All  work  was  done  by  Japanese  laborers  and  artisans,  including  the 
placing  and  field  riveting  of  the  pipes. 

At  one  point  a  ravine  was  crossed  with  a  temporary''  flume,  50  feet 
high,  which  was  subsequently  substituted  by  an  earth  dam  sluiced 
in  place  by  the  water  from  the  ditch  and  forming  a  convenient  service 
reservoir  for  night-water  storage.  This  work  was  i)lanned  and  executed 
by  Mr.  W.  W.  Goodale,  manager  of  the  Waialua  Plantation,  the  entire 
dam  being  finished  in  about  three  weeks  to  a  height  of  50  feet.  It  has 
slopes  of  about  2  on  1  on  each  side.  It  is  composed  entirely  of  the  red 
volcanic  soil  of  the  country. 

The  description  of  the  w^ork  has  been  given  somewhat  in  ertenso 
because  it  is  unique  in  many  respects,  and  is  a  successful  example  of 
the  marked  advantages  of  the  hydraulic-sluicing  system  in  overcoming 
natural  difficulties  that  were  generally  regarded  as  insurmountable. 
With  the  experience  derived  from  the  behavior  of  the  soil  under  hydrauhc 
sluicing,  it  is  apparent  that  there  would  have  been  no  risk  in  building 
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the  entire  dam  of  earth  hv  thin  method,  aad  at  much  leas  coat,  aa  the 
scarcity  of  rock  anii  the  rii:<tance  from  which  it  hail  to  be  srathtred 
rendered  the  co8t  of  the  rock-till  excessive.  The  Hole  reason  for  its  use 
waR  to  secure  drainai^e.  and  hecaiLHe  it  w:w  ni)n.si»lere«i  that  the  *3il  com- 
posinf^  the  em  ban  k  men  r.  even  thnuffh  depositetl  under  water,  might 
not  prove  to  be  wholly  imperviDiw.  The  author  Ls  intiebteii  to  Mr. 
L.  0.  Kellof5g,  of  Honrjlulu.  it>r  many  of  the  photosraph.-?  udeii  in  the 
illustrations,  afl  well  as  for  the  data  <)f  methoiLs  of  work  empltjyed  under 
hirt  su  peri  n tern  ience. 

The  Ifouanu  Dam,  Honolulu. — The  territorial  ffovemment  of  Hawaii 
i.s  enjifaRftd  in  the  f^onHtniction  of  a  'lam  in  the  Nuuanu  Valley,  four  miles 
from  the  nty  of  Honolulu,  for  the  .-atoraffe  of  water  for  the  domestic 
gijpply  of  the  '^ity  and  inrir  lent  ally  f«ir  the  development  <"f  power,  ad  the 
reservoir  is  ovf-r  lu<XJ  feet  hiffher  than  the  i-ity.  the  water  surface  ele- 
vation F^einfl^  i'W)  rVet  above  the  nea-level. 

The  area  of  wat^rsheii  directly  ?>upplyinff  the  rejserviur  Ls  but  030 
acres,  but  a.s  the  mean  observed  rainfall  for  lo  years  ha.^  been  136.3 
inches  the  volume  of  nm-off  i.i  ver}'  large,  amounting  to  an  average 
of  over  ll.rKj<)/XK)  ji^allons  daily.  The  ?itream  ha.^  been  utilizeil  to  the 
extent  of  4.400,fXK')  jrallon.s  i:>frr  rlay  by  a  pipe  line  .-supplying  three  small 
reservoirs  at  a  lower  elevation.  By  the  rer^er^'oir  unrler  construction, 
it  will  V>e  pr'ra^^ible  to  utilize  a  further  amf)unt,  estimateil  at  3.3<X).lX)0 
gallons  f>er  (\n\\  which  has  now  to  be  supplier]  Vjy  pumping  from  artesian 
wells  at  sea -level. 

The  dam  i.s  to  have  a  maximum  height  of  77  feet  above  the  \^ed  of 
the  stream,  and  a  crfr>:t  length  of  about  21 W  feet.  It  i.s  to  be  10  feet 
wide  on  if>\t,  at  a  height  oi  0  feet  above  the  spillway  level,  and  will  create 
A  reservriir  of  HiA  acres,  impounding  02t>,340.rXX)  gallon-s. 

The  darn  was  flcsitrned  by  S.  O.  Walker,  M.  Am.  Soc.  C.  E..  who 
intended  it  rus  an  earth  embankment  with  a  central  core-wall  of  woutl, 
the  material  to  be  princij>ally  deposited  by  the  hydraulic-sluicing  method, 
nn'l  a  eontraf:t  was  let  in  lOOo,  under  sfjecification.s  prepared  by  him. 
After  thf;  work  had  [>rogres.^ed  a  year,  H.  C.  Kellogg,  C.E..  was  called 
to  consult  on  the  f>lan.s  and  recr>mmended  a  numl>er  of  changes  in  design, 
amonK  whieh  wfw  the  substitution  of  a  rock-fill  on  the  down-stream  side 
(»f  the  eore-wall,  over  the  channel  section,  about  150' feet  in  length.  In 
I(K)7  the  author  wa,s  emf)loycd  to  report  upon  the  work,  and  suggested 
raising  the  dam  10  feet  higher  to  give  fAV/'f  increa.se  in  capacity. 

A  cr)re-wall  trench  wjus  excavated  throughout  the  entire  length  of 
tlie  (lam,  from  10  to  45  feet  in  depth  below  the  original  surface,  through 
Buecessive  layers  of  porous  lava  and  volcanic  ash  material,  to  an  im- 
pervious hardf)an  or  bed-rock  base,  and  in  this  trench  a  diaphragm  of 
Oregon    pine,  consisting   of   double    2-inch    planks,    spiked    to   4"x4" 
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uprights,  was  built.  In  the  center  section  of  152  feet  the  trench  was 
filled  with  a  concrete  wall,  reaching  from  elevation  935  at  the  west  end 
up  to  elevation  972,  on  top  of  which  the  diaphragm  was  continued 
with  California  redwood  to  the  top-  The  deep  trench  either  side  of 
the  diaphragm  was  refilled  with  clsLy.  The  rock- fill  was  laid  on  a 
slope  of  1  on  1  on  the  down-stream  side,  as  a  hand4aid  wall,  the  up- 
stream face  being  made  vertical,  10  feet  away  from  the  wood  core-wall, 
the  space  between  being  filled  with  clay.  The  volume  of  rock  required 
was  17,000  cubic  yards,  which  was  brought  by  gravity  from  a  quarry 
about  2500  feet  distant,  the  empty  cars  being  hauled  up  by  a  winding 
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Pio.  100.— NtruAKTi  Dam,  Hoxolulu,  Showing  Toh  op  RocK-nix  Portion  ot  Daic, 

engine.  The  surface  outlet  of  the  r^ervoir  is  a  30-inch  wood-stave 
pipe,  heavily  reinforced  with  concrete,  0  to  12  inches  thick,  extending 
through  the  embankment  from  a  square  valve  tower  placed  at  the 
up-stream  toe  of  the  dam.  This  pipe  connects  with  the  main  leading 
to  city  distributing  reserv^oir  No,  1,  a  distance  of  10,900  feet,  of  which 
the  upper  3400  feet  is  wood-stave,  the  remainder  being  of  lock-bar  steeL 
A  washout  pipe  of  the  same  size  and  construction  also  passes  through 
the  dam. 

On  account  of  the  lack  of  sufficient  water  under  gravity  head  with 
which  to  do  hydraulic  sluicing,  a  steam-pump  with  a  capacity  of  3»5 
second-feet  was  installed  with  which  about  170,000  cubic  yards  was 
expected  to  be  deposited.    The  contract  price  for  hydraulic-fill   was 
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16  cents  per  cubic  yard,  while  the  portion  of  the  embankment  placed 
by  other  mechanical  means  was  contracted  for  at  60  cents  per  yard, 
or  nearly  four  times  the  cost  of  hydraulic  filling,  a  ratio  which  may  be 
taken  as  a  fair  one  between  the  two  classes  of  work  on  the  average  run 
of  earthen  dams. 

The  quality  of  earth  available  for  sluicing  was  quite  similar  to  that 
used  in  the  Waialua  dam,  a  clay  soil  produced  from  the  decomposition 
of  lava. 

The  original  contract  having  expired  by  limitation,  work  was  suspended 
for  some  time  during  the  latter  part  of  1907.  Meanwhile  Judge  Frear 
was  appointed  to  succeed  Mr.  Carter  as  Governor  of  the  Territor}',  and 
the  new  Governor  appointed  Marston  Campbell  as  Superintendent  of 
Public  Works,  to  take  the  place  of  C.  S.  HoUoway.  New  specifications 
were  prepared  at  once  for  the  completion  of  the  dam,  and  in  Febmary, 
1908,  a  second  contract  was  let  for  finishing  the  structure  for  the  follow* 
ing  unit  prices: 


Earth  filling $0,314  per 

Rock  filling 1.73 

Stone  riprap 1.36 

Broken  stone  under  stone  riprap.  . .  0.28 

Concrete  riprap 2.18 

Broken  stone  under  concrete  riprap  0.14 

Concrete  in  corewall 15.26 

Concrete  in  spillway 20.41 

Paving  in  spillway 2.50 

Masonry  wall  in  spillway 7.52 

Lumber  in  corewall 56.32 

Excavation  in  corewall  trench 0.54 

Excavation  in  spillway 0.33 

Clearing  reservoir  basin 259.00 

Clearing  dam  site 450.00 


cubic  yard. 
tt         it 

square    " 

tt         ti 
tt         tt 


cubic 


tt 


square     ' 
cubic      " 
1000  ft.  B.M. 
cubic  yard. 


acre 
tt 


The  new  specifications  called  for  the  earth  embankment  to  be  "  con- 
structed by  the  method  known  as  hydraulic  sluicing  ^*  and  required  the 
contractor  to  designate  the  general  plan  of  work  and  type  of  machinery 
he  proposed  to  employ.  The  original  contractor  proved  to  be  the  lowest 
bidder  on  the  new  work.  He  proceeded  to  erect  a  pumping  plant  with 
two  centrifugal  pumps,  driven  by  two  gas  engines  of  125  H.P.  capacity 
each,  to  lift  5  cubic  feet  per  second  from  the  pool  behind  the  dam  to  a 
height  of  150  feet,  delivering  the  water  into  the  suction  side  of  duplicate 
pumps  located  at  the  upper  station.    These  pumps  are  driven  by  engines 
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of  equal  size  to  those  at  the  lower  plant,  and  will  force  the  water  through 
hydraulic  giants  to  excavate  and  disintegrate  the  earth  in  the  mountain 
side  under  adequate  pressure  to  do  effective  work. 

The  material  so  excavated  is  delivered  to  the  dam  through  sheet  stee! 
flumes  of  prismoidal  form,  10  inches  deep,  27  inches  wide  on  top,  13  i 
inches  wide  on  bottom,  placed  on  3%  grade. 

The  cost  of  the  work  under  the  second  contract  is  within  the  estimate 
made  by  the  author. 

Poircr,— The  net  head  on  the  pipe  at  the  lower  reservoir,  after  deduct- 
ing friction,  is  about  500  feet,  which  will  produce  1100  H.F,  during 
8  hours  daily,  the  capital  value  of  which  for  city  lighting,  sewage  pump- 
ing, etc,  is  safely  estimated  at  $400,000*  The  saving  in  pumping  the 
increased  supply  given  by  the  reservoir  vi^  amount  to  $37,000  per 
annum. 

Terrace  Dam,  Alamosa  River,  Colorado  (Fig.  101).— The  highest 
hydraulic-fiU  dam  yet  projected  in  the  United  States,  in  vertical  height 
as  well  as  in  altitude  above  sea-level,  has  been  under  construction  each 
summer  since  1905,  and  is  expected  to  be  completed  in  the  season  of 
190S  or  1909,  It  is  designed  for  the  storage  of  water  for  use  in  irriga- 
tion in  the  San  Luis  Valley.  The  location  is  at  the  head  of  the  lower 
canyon  of  the  Alamosa  River,  a  few  miles  above  the  point  where  the 
river  enters  the  valley.  The  dam-site  is  most  unusual  in  its  topography, 
OS  the  lower  70  feet  of  the  dam  occupies  a  narrow,  tortuous  slit  in  the 
bed-rock  from  20  to  60  feet  wide,  where  the  river  had  worn  down  through 
a  ledge  of  hard  trachyte,  forming  a  canyon  with  vertical  side  walls. 

Above  this  ledge  the  section  across  the  canyon  has  a  bowl-shaped 
form  like  the  end  of  an  ellipse*  The  dam  was  originalJy  projected  to  a 
height  of  ISO  feet  and  a  tunnel  10  feet  wide,  7  feet  high,  725  feet  long, 
was  excavated  through  the  solid  rock  on  the  north  side  of  the  canyon, 
discharging  at  the  lower  toe  of  the  projected  dam.  This  tunnel  was 
intended  to  carry  the  stream  during  construction  and  subsequently 
serv^e  as  the  only  outlet  to  the  reservoir,  A  shaft  75  feet  deep  was 
sunk  at  a  point  about  200  feet  down  stream  from  the  crest  of  the  dam, 
and  gates  for  controlling  the  discharge  of  the  tunnel  were  placed  at  the 
bottom  of  this  shaft.  After  the  fii-st  season  s  work  it  was  decided  to 
increase  the  height  of  the  dam  to  225  feet  above  the  lower  toe,  which 
rendered  an  extension  of  the  outlet  tunnel  necessary.  The  height  at 
the  center  hne  will  be  210  feet;  crest  width,  25  feet  at  an  elevation  of 
20  feet  above  the  high- water  or  spillway  level;  up-stream  slope,  ^^  on  1; 
downstream  slope,  2  on  1;  length  of  crest,  605  feet.  The  change  in 
heip;ht  necessitated  a  removal  of  the  crest-line  of  the  dam  do^Ti  stream 
about  100  feet,  the  up-stream  slope  remaining  unaltered.  A  concrete 
core-wall  was  built  on  the  original  center  line,  extending  from  the  stream- 
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determinaticm  was  reached,  several  cross  trenches  were  made  through 
the  bowlderg  in  the  river-bed  to  the  solid  bed-rock,  and  these  were  re* 
filled  with  the  finest  quaUty  of  puddle  clay,  upon  which  reliance  will 
be  placed  for  an  impenious  connection  with  bed-rock. 

The  method  of  buikling  the  dam  by  hydraulic  sluicing  was  first 
suggested  by  Mn  T,  W.  Jaycox,  M-A.  Soc.  C*E.,  State  En^eer  of 
Colorado,  by  whose  recommendation  the  author  was  engaged  to  make 
an  examination  and  report  upon  the  project  in  June,  1905*  At  that 
time^  a  contract  had  been  let  for  the  entire  work  to  one  of  the  atock- 


FiQ.  103. — Hydraulic  St-uictNG  on  the  Terrace  Dam,  Color auo. 

holders  of  the  company  at  a  price  of  18  cents  per  cubic  yard,  the  con- 
tractor to  furnish  his  own  plant  and  materials.  He  first  built  a  clitch 
and  flume  five  miles  in  length,  with  a  capacity  of  40  seconrl-feet.  a  suffi- 
cient elevation  to  deliver  water  to  a.  pcn^stock  325  feet  higher  than  the 
cre^t  of  the  dam,  at  the  south  end.  The  cost  of  the  ditch  and  flume 
and  all  the  pipe  and  plant  for  hydraulic  sluicing,  was  $34,500,  Two 
pressure-pipes  of  No,  16  riveted  steel,  each  15  inches  in  diameter,  convey 
water  from  the  penstock  to  bydniulic  giants  located  in  the  sluice  fields 
on  the  south  side  of  the  canyon.  The  ditch  was  completed  too  late 
in  the  fall  of  1905  to  begin  sluicing*  but  in  the  folloi^ing  season  about 
120,000  cubic  yards  of  material  were  sluiced  in  plaee  from  August  1st 
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and  down  the  lower  slope  to  care  for  the  June  freshet,  an  expedient  which 
was  successful,  although  sluicing  could  not  be  resumed  until  the  river 
subsided  to  the  capacity  of  the  tunnel.  This  flume  was  72  feet  wide,  4 
feet  deep,  and  at  times  carried  a  flood  discharge  of  450  second-feet. 
The  total  volume  of  the  dam  will  be  approximately  500,000  cubic  yards. 
The  progress  of  the  work  was  about  as  follows: 

Prior  to  1907 120,600  cubic  yards 

March  and  April,  1907 25,846       -    '  ** 

May 15.6.54       "      " 

June  and  July 20.140       "      *' 

August 11.435       "       " 

September 1 1,325       "      " 


Total 205,000 


<< 


At  the  close  of  the  season  of  1907  the  dam  had  reached  a  height  of 
100  feet  at  the  down-stream  toe  and  70  feet  at  the  up-stream  toe.  With 
nearly  300,000  cubic  yards  yet  to  be  deposited,  it  will  be  necessarj'  to 
increase  the  rate  of  the  past  season  about  three  times  to  complete  the 
work  in  1908. 

The  reser\'oir  formed  by  the  dam  will  have  a  storage  capacity  in 
excess  of  25,000  acre-feet.  The  water  will  have  high  value,  as  the  duty 
to  be  accomplished  by  it  will  be  the  irrigation  of  nearly  one  acre  for 
each  acre-foot  of  water  impounded. 

The  Terrace  Dam  presented  a  situation  where  the  cost  of  a  masonry 
dam  was  prohibitive,  where  the  materials  for  an  earth  dam  of  the  usual 
type  were  not  available  because  the  earth  is  so  intermingled  with  stone 
cs  to  l)e  practically  inaccessible,  and  where  the  sole  resource  was  to 
separate  and  deposit  the  materials  at  hand  by  the  aid  of  water,  which 
was  to  be  had  in  abundance,  under  sufficient  head  or  j)ressure  to  do 
the  work.  The  results  so  far  accomplished  appear  to  the  author  to 
warrant  the  forecast  that  the  dam  when  completed  will  be  entirely 
successful.  The  work  is  under  the  general  engineering  direction  of 
Mr.  T.  W.  Jaycox,  to  whom  the  author  is  indebted  for  drawings  and 
photographs  used  in  illustration. 

The  Santo  Amaro  Dam,  Brazil. — The  Sao  Paulo  Tramway,  Light  & 
Power  Company,  Ltd.  (a  Canadian  corporation)  in  1S05  erected  n  dam 
and  installed  a  power-plant  with  a  head  of  70  feet  at  Parnahyba,  on 
the  Tictc  River,  in  the  State  of  Sao  Paulo.  Brazil,  22  miles  below  the 
thriving  city  of  Sao  Paulo,  where  15.000  H.P.  is  generated  and  trans- 
mitted to  the  city  for  tramway  sers'ice  and  for  lip:ht  and  power.  To 
partially  ecjualize  the  flood  flow  and  make  up  for  shortage  in  dr}^  seasons. 
the  company,  on  the  advice  of  its  vice-president  and  consulting  engineer, 
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of  loosening  and  distributing  it  was  by  water  pumped  from  the  river 
and  conveyed  through  flumes  built  lengthwise  of  the  dam  with  lateral 
flumes  at  intervals  leading  to  the  slopes*  The  site  of  the  dam  w^as  first 
fitripiJed  of  sud,  which  was  placetl  in  the  form  of  rectangular  levees^ 
6  to  8  feet  high,  at  or  just  outside  the  toe  of  the  iilope  on  either  side. 
Hardwood  triple- lap  sheet  piles  were  then  driven  to  a  depth  of  10  to 
15  feet  over  a  distance  of  2600  feet  from  the  river  bank  easterly,  beyond 
which  similar  piles  were  set  in  a  deep  trench  and  puddled  in  place  for 
the  remaining  distance.  Steel-sheet  piles  wei-e  driven  in  the  channel 
section  to  a  depth  of  22  feet  over  a  distance  of  125  feet,  connecting  with 
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Fia.  111.— UrrER  Toe  Filling  on  thf,  Santo  Amaho  Hydhai:lic-fill  Dam,  BnJkULr 

SHOWING  Lateral  Flumes. 

the  concrete  work  of  the  outlet  culverts,  built  at  the  foot  of  the  high 
ridge^  and  founded  on  granite  l>ed-rock.  These  piles  penetrate  the 
bed-rock  2  to  4  feet.  The  culverts  are  three  in  number,  each  8  feet 
wide,  18  feet  high,  controlled  by  radial  gates  of  steel  at  the  down-stream 
end*  The  culverts  are  built  in  an  excavation  made  in  solid  granite 
bed-rock,  and  have  partition  walls  and  abutments  6  feet  thick.  The 
thickness  at  the  crown  of  the  arches  is  2  feet.  About  5000  cubic  yards 
of  concrete  were  nsed  in  the^^e  culverts  and  the  wing-approach  walls- 
The  stream  has  a  low-water  discharge  of  about  10  second-meters  (353 
second-feet),  which  was  diverted  through  the  culverts  before  work  on 
sluicing  began.     The  sheet  piles   referred  to  extend  a  few  feet  above 
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the  stripped  surface  and  are  connected  to  a  diaphragm  of  corrugated 
steel  plates  that  reach  above  the  water-line  of  the  reser\^oir  as  a  check 
to  the  burrowing  of  animals  or  ants.  These  plates  are  spiked  to  hori- 
gontal  wale-pieces  bolted  to  the  center  post  of  the  main  trestle  support- 
ing the  sluice  flumes* 

The  year  1906  and  the  first  half  of  1907  were  consumed  in  the  pre- 
liminary work  of  preparation,  but  finally  the  work  of  hydrauhcking 
began  in  July,  1907.  From  that  time  until  Dec.  1st,  sluicing  continued 
day  and  night  for  128  days^  during  which  the  interruptions  amounted 
to  39%  of  the  total  time.  The  work  accomplished  was  the  delivery 
of  381j000  cubic  yards  with  an  average  volume  of  water  of  7,94  second- 
feet,  giving  an  average  ratio  of  solids  conveyed  to  water  used  of  19,2'^{,. 
The  main  flume  was  placed  on  a  grade  of  d%,  and  reached  a  distance 
of  2000  feet  from  the  ivest  end  of  the  dam*  East  of  this  point  for  700 
feet  to  the  end  of  a  dry  earth  levee  built  as  the  extension  of  the  dam, 
where  the  height  is  less  than  20  feet,  the  material  was  delivered  by  a 
booster  pump,  discharging  through  a  closed  flurae. 

The  best  work  done  was  in  the  month  of  October,  when  a  delivery 
of  156jiXX)  cubic  yards  was  accomplished  with  a  mean  of  S,35  second- 
feet.  The  interruptions  amounted  to  but  18  hours  during  the  month, 
or  2.4%  of  the  total  time.  The  cost  of  powder  at  the  rate  charged  of 
1  cent  per  K.W,  did  not  exceed  one  cent  per  cubic  yard  for  the  month. 
The  dam  waa  to  be  completed  by  May,  1908-  The  construction  since 
January,  1907,  was  in  charge  of  Thcs.  Berry,  C,  E.  The  preliminary 
plaiis  were  pi'epared  b}*  tlie  author  after  a  visit  to  the  site  in  October, 
1905.  The  plans  for  the  outlet*gates  were  draw*n  in  the  New^  York 
office  of  F,  S.  Pearson,  Dr.8c.,  M.  Am.  Soc.  C,  E* 

Reservoir. — The  reservoir  formed  by  the  dam  covers  a  total  area 
of  8320  acres,  and  has  a  capacity  of  192,400,000  cubic  meters  (156,600 
acre-feet)-     It  therefore  ranks  among  the  largest  reservoirs  of  the  worlds 

The  mean  annual  rainfall  at  Sfto  Paulo  for  12  years,  1890  to  1901, 
was  1319  millimetei's  {54  inches)  and  the  mean  rainfall  of  the  watershed 
WEB  estimated  at  2500  millimeters,  with  an  average  run-off  of  50%, 
As  the  area  is  24-4  square  miles  {63,200  hectares)  the  yearly  run-off  was 
computed  at  780,000,000  cubic  meters,  or  4  times  the  reservoir  capacity. 
During  nine  months,  from  March  to  November,  1907,  the  measured 
run-off  was  419,515,000  cubic  meters,  with  three  months  of  rainy  season 
to  complete  the  year. 

The  power-plant  at  Parnahyba  utilizes  a  total  fall  of  72  feet,  and 
under  full  load  requires  70  cubic  meters  per  second  {2470  second-feet). 
The  function  of  the  reservoir  will  be  to  supply  a  shortage  in  supply  during 
the  dry  season,  w^hen  a  maximum  deficit  of  85,000,000  cubic  meters  in 
one  such  season  has  been  experiencetL 
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The  dam-site  is  of  peculiar  geological  formation  at  the  line  of  juiio- 
ture  between  the  original  Umestone  and  the  succeeding  lava  flow  which 
has  partialiy  filled  the  valleys  between  the  Umestone  mountains*  The 
lava  is  in  all  stages  of  decompositionj  varying  between  hard  basalt  and 
light  cinders,  in  successive  layers,  some  of  which  are  very  porous  and 
will  pass  water  freely  while  other  layers  are  firm  and  impervious.  Itt 
stripping  for  the  dam  irregular  masses  of  hard  basalt  were  encountered 
here  and  there  which  gave  rise  to  the  hope  that  the  foundation  would 
prove  suitable  for  a  masonry-  structure,  but  these  were  underlaid  by 
soft,  treacherous  material  at  slight  depth. 


Pig.  114, — Looking  up  Stream  at  Sfte  of  Daw  No,  2,  at  Necaxa»  »H0wiNa 
Sthipfed  Abutments  for  the  Dam  on  each  Side. 

The  tunnel  excavated  through  a  spur  a^iinst  which  the  south  end 
of  the  dam  rest^  revealed  the  existence  of  pockets  of  quiclcsand^  which 
further  indicated  that  it  was  unworthy  of  confidence  as  the  abutment 
of  a  high  masonry  dam.  The  only  apparent  alternative  was  to  build 
the  dam  of  earth,  and  plans  had  been  prepared  to  build  the  earth  dam 
by  the  usual  methods,  excavating  with  steam-ahovels,  hauling  by  cars 
and  locomotives,  spreading  the  earth  in  lavem,  and  wetting  and  rolling 
it  after  the  usual  fashion.  There  was  an  abundance  of  clay  to  be  had 
on  the  adjacent  mesa,  of  purely  volcanic  origin,  but  the  enormous  quae* 
tity  to  be  moved  and  the  cost  of  building  as  high  a  dam  as  was  required 
for  necessary  storage,  caused  the  management  to  hesitate.    The  solu- 
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tioii  of  the  difficulty  was  afforded  by  the  exkteace  light  at  hand  in  the 
alopes  of  the  high  limestone  ridge  to  the  oorthwest  of  the  dam  of  a  siiffi- 
clent  mass  of  broken  fragments  of  stone  of  all  ^es  intet mingled  iviib 
pure  yellow  clay  of  superior  quality^  to  build  the  dam  by  the  hydratjlic- 
mining  process^  using  powerful  jets  of  water  under  high  pressure  to 
be  brought  to  the  site  by  a  ditch.  This  material  could  not  l>e 
handled  economically  or  sorted  and  deposited  in  a  way  to  produce 
stability  and  drainage  of  slopes,  and  compact  impenriousnees  to  the 
wre  of  the  dam    in  any  manner  except    by  the    hydraulic  method. 


r 


'.•viP 


FiQ,  115.^Nbcaxa  Dam,  Mexico.     Hti>raux.ic  MoNiroa  Working  unbbe  180 
PoiTND©  Pressure,  6-inch  Nqxzlk,  30  S^ro?fD-rEET  of  Water. 


Somewhat  similar  arguments  applied  to  all  of  the  other  dams  of  the 
group. 

The  proportions  of  rock  and  clay  are  about  equal,  and  their  dis- 
tribution can  be  so  controlled  and  regulated  by  the  varying  velocities 
of  the  water  as  to  permit  of  the  formation  of  two  ro**k  dams  at  cither 
slope  resting  against  and  confining  an  enormous  mass  of  den?:e, 
impervious  clay  between  them.  In  this  manner  the  dam  when  com* 
pleted  cannot  fail  by  slipping  or  sliding,  and  must  be  proof  against 
leakage. 

The  dam  will  contain  1,639.600  cubic  meters  (2,143,520 cubic  yards), 
and  will  have  the  following  dimensions; 
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Length,  on  crest .  . 1220  feet 

Height  above  luwcr  toe  .,,,,, , ...     190    ** 

Height  above  up-stream  toe  . , 178   ** 

Width  uf  cre^t _ 54    " 

Super-elevation  above  spillway  „...._, 16.4  feet 

Up-stream  slope , , . , , ,  Son  1 

Down-stream  slope , 2  on  I 

Base  mdth *..*,.,.....* 975  feet 


jr-^ffilir^''    -^'  if* 


Fig*    116.^HTPRArLTr   Mon^itor   in   Action,   with    30    Second- feet  undeh    180 

POUI^DB    PRESSURE,    G-mcH    NoZZLE.      Up-STMSAM    TOE    OF    DaM    SHOWN,    WITH 

Tailing  Pond  at  Left. 

Sluice  Ditch.— The  supph^-diteh  for  sluicing  is  17*5  kni,  long,  and 
as  it  passes  the  site  of  Dam  No.  3  on  Necaxa  River,  6  miles  above  Dam 
No.  2^  Will  furnish  water  for  building  both  dams.  It  has  a  capacity 
of  70  second-feet  as  far  as  Dam  No.  3,  and  5^  second-feet,  the  remain- 
ing distance,  delivering  water  to  Dam  No.  2  at  a  height  of  728  feet  above 
its  base.  The  elevation  gh'^es  most  effective  and  powerful  cutting- jets 
at  all  working  levels,  above  the  crest  of  the  dam  as  well  as  below.  The 
ditch  was  extremely  difficult  to  construct,  as  it  was  excavated  on  steep 
mountain  sides  in  rock,  requiring  cement  lining  in  many  places  and 
one  long  siphon  with  head  of  over  400  feet.  Its  total  cost  was  about 
$250,000  gold,  but  as  it  can  be  utilized  to  generate  1700  H.P,  after  the 
dams  are  finished,  its  cost  is  not  entirely  chargeable  to  the  building 
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of  the  damsp  The  drawing,  Fig.  113,  ilhiBtrates  the  location  of  the 
dam  and  the  geiteml  process  of  constructioii.  Fig*  112  U  an  ideal  sec- 
tion of  the  dam^  showiDg  the  cut-off  core-trenches,  two  on  each  side 
of  the  concrete  core-wall. 

Stripping  Foundation's.— The  preparatory  work  of  stripping  at  Dam 
No,  2  consisted  of  the  removal  of  all  surface  soil  to  a  depth  of  2  to  3 
feet  over  the  entire  base  of  the  dam,  and  the  excavation  of  all  loose^ 
pervious  material  over  the  middle  third  dow^n  to  hard-pan  or  bed-rock* 
The  hard-pan  is  a  species  of  soft  lava,  locally  called  '^tepetate/'  and 


^^':%^  v*.v 


Fm*  117.— Htdraitlic  Monitor  Wohkikg  ok  Line  or  CojnAuv  between  LDtssTONB 
ANi>  Lava  jx  f^piLLWAr  Cut.  Nccaxa  Dam,  Mexico. 

the  rock  is  basalt  that  was  encountered  in  the  form  of  thin  lavei^,  or 
kidneys,  disconnected  and  of  irregular  masses.  The  depth  of  this 
stripping  in  the  valley  was  from  10  to  15  feet.  It  w^as  a  tedious  work, 
occupying  more  than  two  years,  part  of  the  time  with  two  steam-shovels 
and  two  locomotives  and  trains  of  dump-cars.  Part  of  the  materiiil  was 
placed  at  the  upper  and  lower  slopes  of  the  dam,  to  the  extent  of  75,000 
cubic  yards,  but  the  greater  portion  was  wasted.  It  amounted  in  all  to 
272,487  cubic  yards.  The  ^trench  for  the  concrete  core-w^all  w^as  exca- 
vated to  a  depth  of  40  feet  below  the  stripped  surface  across  the  valley 
portion  and  from  5  to  20  feet  deep  on  the  slopes.  It  cut  through  various 
strata  of  porous,  rotten  tepetate,  and  finally  ended  in  a  hard,  imper- 
vious layer.    It  was  about  0  feet  wide  and  filled  with  concrete  made  of 
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Portland  oemeiit  ftfid  hydtmulie  Ucne  in  pfOfKifiioiis  to  insure  irmt^^ 
tightness.  It  was  carried  about  2  meters  iu  hei^t  aT^ov^e  the  ^rippe^l 
surface,  fitushiag  with  &  widtli  of  I  meter  on  tofk  It  contains  in  ail 
about  5600  cubic  raids  of  concrete,  Tbe  eJEteriar  of  the  exposed  pan 
of  the  wall  wbicb  is  enveloped  in  clay  puddle  was  made  ven*  rough  by 
projecting  small  stones  to  form  a  bond  and  t**  avoiti  the  ^moi^th  surfaces 
whicli  water  may  follow.  The  two  trenches  up-stmam  from  the  core- 
wall,  and  parallel  with  it,  were  exeavatetl  to  the  clay  flinir  of  the  valley, 
and  were  refilled  after  sluicing  began  liiiih  the  clay  puddle  that  forms 
the  be&rt  of  the  dam. 

The  preliminary  plant  for  the  deliver^'  of  material  to  tlie  dam  coo- 


Fig,  122, — Necaxa  Dam  from  Below,  at  Hfitoirr  of  85  Feet.     JANt*Anv  1,  100S. 


fiisted  of  two  trestles^  40  to  60  feet  high,  built  (lanillel  with  the  renter 
line  and  supportini^  two  line^  of  20-inch  riveted  ^^tecl  pi|ie  laid  on  a  grade 
of  5^^  from  the  borrow-pits  on  the  mountain  side,  npeued  hy  the  hydraiilii* 
** giants/'  These  trestles  were  located  aiunit  lOtl  feet  in  (nnn  either 
toe*  and  the  material  earnefl  was  iielivere<l  to  the  fnitwide  by  liranch  |>ij>e.'^, 
16  inrhes  in  diameter,  which  were  supported  hy  cables  BUspemled  across 
the  dam  between  the  exterior  footings  ami  the  tnwtles.  As  a  larger 
quantity  of  rock  was  desired  on  the  down-stream  sloi>e,  one  of  the  pi|ie^s 
was  laid  to  the  Inwer  trestle  from  bt»rn»w-pit  No,  2,  yielding  aliout  9B% 
of  broken  stone,  while  the  other  pipe  to  the  up-stream  face  %va8  taken 
from  borrow-pit  No,  1  where  the  material  consisted  of  clay  to  the  extent 
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of  60%  to  70%  mingled  with  stones  of  all  sisies.  The  photographs^ 
Figs,  lis,  119,  120,  121,  and  124  show  the  nature  of  the  materials 
delivered  to  each  and  the  manner  of  delive^y^ 

A  striking  feature  of  this  work,  as  illustrated  by  the  photographsi 
Pigs.  118  and  119,  taken  by  the  author  in  January,  1908,  is  the  large 
size  of  rocks  which  have  been  trans|>orted  through  the  flumes  and  deposited 
on  the  dam.  Many  of  these  contain  upwards  of  15  cubic  feet  and  weigh 
aver  1  ton.  In  this  respect  the  magnitude  of  the  operation  exceeds 
any  hydraulic  sluicing  ever  before  attempted.  The  down-stream  slope 
IB  being  covered  with  2  feet  of  masonr>^  laid  in  Portland  cement,  using 


FiGr   123.— Necaxa  U\m  and   Reskrvoir.     Sluice   Ditch   in  Uppeu   Right* hanu: 

CoHNEH  OF  Picture. 


the  larger  stones  brought  down  by  the  flume.  The  purpose  of  thi.s  is 
to  protect  the  work  from  the  ccmsequence  of  a  sudden  freshet,  which 
might  exceed  the  capacity  of  the  flood  discharge  outlet-pipes  provided- 
These  are  two  in  number,  one  of  which  is  of  steel  8  feet  in  diameter, 
in  the  main  outlet  tunnel,  the  other  is  10  feet  in  diameter  of  concrete, 
built  for  construction  purposes  only  and  to  be  plugged  when  the  dam 
is  finished.  Two  overflow  towers  S  feet  diameter  are  bnilt  at  the  head 
of  this  pipe  in  successive  layers,  as  the  lake  across  the  dam  rises,  per- 
mitting of  storage  following  up  the  construction.  The  solidity  of  the- 
rock^fill  is  attested  by  the  lack  of  settlement  cracks  in  the  masomy 
facing  built  on  the  slope  of  the  filL 
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The  rocks  transported  by  the  water  are  carried  along  at  a  velocity 

of  about  20  feet  per  second,  and  iis  they  drop  in  place  they  act  as  power- 
ful rammers  to  consolidate  the  embankment.  The  material  leaves 
the  end  of  the  raceway  at  such  a  velocity  as  to  pile  up  several  feet  higher 
than  the  top  of  the  flume.  It  has  been  the  practice  to  build  up  the 
dump  from  the  extreme  end  of  the  flume,  retreating  and  removing  section 
by  section  as  the  embankment  is  formeil  until  the  ridge  is  made  entii-ely 
across  the  valley  along  the  sloj>e  line,  to  be  followed  by  another  hne 
of  flume,  15  to  20  feet  higher,  built  a  little  nearer  the  center  line.    There 


jja«^: 
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Fig.  124. — Necaxa  Dam,  Up-eTREAM   Slope,  looking  toward  Sluicing  Pit  Mm- 

Spillway  Gap. 

is  great  wear  and  tear  in  the  flumes  and  linings,  but  the  material  is  used 
over  and  over  until  worn  out 

When  w^orking  in  clay  the  ratio  of  solids  carried  to  water  used  has 
reached  as  high  as  70%,  but  in  rock  the  ratio  is  as  low  m  3%,  and  the 
average  falls  below  10%  of  solids. 

The  cost  for  labor  alone  averages  from  3  to  10  cents  gold  per  cubic 
yard. 

Sluicing  began  in  April,  1907,  and  continued  throughout  the  year, 
with  many  interruptions  due  to  drought  and  shortage  of  water,  breakjs 
in  the  ditch,  etc.  By  May  1,  190S,  a  total  volume  of  622,090  cubie 
meters  bad  been  delivered,  and  it  is  estimated  that  the  dam  may  be  en- 
tirely completed  before  the  end  of  the  year. 
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After  the  borrow-pits  liad  been  well  opened,  it  was  found  that  a 
much  greater  percentuge  of  large  rock  would  have  to  be  handled  than 
was  antiripoted,  and  to  save  the  cost  and  delay  involved  in  breaking 
the  rocks  to  a  size  that  would  pass  through  the  sluice-pipes,  it  was 
detormioed  to  substitute  open  flumes-  Two  lines  of  flumes  were  accord- 
iagl}'  built  on  8%  grade,  crodsing  the  dam  about  midway  betw^n  the 
fii-i^t  lines  of  trestle  and  the  outer  slopes-  When  these  were  put  in 
service  they  were  able  to  carry  rock  of  a  maximum  size  of  12  to  18  cubic 


Fio.  125* — Necaxa  Dam.  Inclined  Pipe  'wtth  Perforations  ton  Drain  age  of 
Wateh  after  Settlement  of  Sluiced  Material  on  D.vai,  Also  Corb-wall 
AS  Complbtf.d. 


feet  weighing  a  ton  or  more.  The  velocity'  of  the  water  through  the 
flumes  was  about  20  feet  per  second-  They  were  made  rectangular, 
4  fcK^t  wide  with  V-shaped  bottom,  lined  with  sheet  steel  and  T-rails. 
The  maximum  volume  of  water  carried  Ls  about  30  second-feet.  The 
hydraulic  monitoi^,  or  ** giants,"  discharge  vamng  amounts,  accord- 
ing to  tlie  pressure  and  the  size  of  nozzle  used*  The  nozzles  employed 
vary  from  4  to  6  inches,  according  to  the  work  required,  and  discharge 
from  15  to  30  second-feet.  Experienced  hydraulic  miners  from  Cali- 
fornia are  employed  to  manipulate  the  monitom.  Visitors  to  the  work 
find  a  peculiar  fascinaticm  in  watching  these  powerful  jets  of  water^ 
issuing  at  a  velocity  of  200  to  300  feet  per  second,  tearing  down  the 
mountainsj  ripping  up  the  ledges  of  stratified  Jimestooe^  and  tossing 
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the  line  separating  the  central  clay  puddle,  from  the  semi-porous  mixture 
of  clay  and  rock  can  be  controlled^  aa  it  is  found  that  the  deposit  drops 
off  under  water  at  a  slope  of  1  on  L  Under  the  water  of  the  pond,  the 
fine  clay  is  deposited  almost  absolutely  leveL  The  water  In  the  pond 
is  usually  from  12  to  15  feet  deep  over  the  bed  of  clay  beneath.  In 
this  manner  two  stable  dams  of  rock  are  being  built  up  with  an 
enormous  core  of  clay,  having  a  maximum  thickness  of  500  to  GOO 
feet  between  them. 

Dam  No.  1,  at  Acatlan. — This  structure  was  completed  in  June^ 
1906,  It  serves  as  a  diverting  weir  to  turn  the  water  of  the  Tenango 
River  to  the  Necaxa,  through  a  3000  foot  tunnel  Its  extreme  height 
is  about  30  feet  and  it  was  built  of  earth  by  the  ground-sluice  method, 
with  water  taken  from  the  stream  through  a  short  ditch.  Figs.  130, 
131,  and  132  illustrate  the  construction  of  the  dam,  and  Fig,  133  shows 
the  finished  dam  viewed  from  the  tunnel  portal.  It  is  divided  into  two 
sections  by  a  concrete  weir  located  in  the  stream  channel  at  the  deepest 
portion.  When  examined  with  an  earth  auger  to  a  depth  of  20  feet 
belo%v  the  crest  six  months  after  completion  the  core  material  was 
found  in  a  plastic  but  compact  condition.  The  dam  has  shown  no  sign 
of  leakage  or  seepage  and  but  very  slight  settlement. 

Dam  Ho.  3>  at  Tezcapa. — This  dam,  the  aecond  in  height  of  the 
series,  is  located  six  miles  above  Necaxa,  and  will  form  a  reservoir  of 
19^000,000  cubic  meters,  or  less  than  half  the  capacity  of  Necaxa  re&er* 
voir.  After  the  site  had  been  partially  stripped,  work  wo^  suspended 
pending  the  completion  of  the  Laguna  and  Los  Reyes  Dams,  Nos,  4 
and  5,  where  subsequent  survej^s  proved  that  greater  storage  can  be 
secured  at  less  cost  and  in  shorter  time.  For  this  reason  it  will  probably 
be  the  last  of  the  group  to  be  finished.  In  many  respects  it  will  present 
fewer  difficulties  of  construction  than  any  of  the  others,  and  can  be 
completed  with  the  plant  in  use  at  the  Neeaxa  dam, 

Laguna  Dam. — A  large  natural  basin  near  the  end  of  one  of  the 
tributaries  of  the  Necaxa  River  was  acquired  by  the  company  and 
utiUzed  as  a  storage-reservoir  by  building  a  long  low  dam  across  its 
outlet.  It  is  fed  by  a  5-mile  canal  of  10  second-meters  capacity  from 
Necaxa  Eiven  This  site  is  20  miJes  distant  from  Necaxa,  and  3000  feet 
higher.  The  dam  was  planned  to  have  an  ultimate  height  of  66  feet 
with  a  crest  mdth  of  25  feet  and  slopes  of  3  on  1  and  2  on  1  respect- 
ively, and  was  to  have  been  made  as  a  hydraulic-fill,  with  water  pumped 
from  the  lake.  The  urgent  necessity  for  securing  a  storage  of  12  to 
15^000,000  cubic  meters  in  the  shortest  possible  time,  led  to  the  adop- 
tion of  a  plan  for  building  the  up-stream  toe  of  the  large  dam  to  the 
height  of  40  feet  of  the  material  chiefly  obtained  from  stripping  the 
middle  third  of  the  main  dam.     As  there  was  a  large  amount  of  loose 
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rock  in  this  stripping,  it  was  decided  to  build  the  lower  half  of  the  dam 
as  a  loose  rock- fill,  with  down-stream  slope  of  1  on  1,  and  crest  width 
of  2  meters,  while  the  up-stream  half  was  to  be  of  earth.  Between 
the  two  materials  a  diaphragm  of  double  2-inch  pine  planks  spiked  to 
round  poles  set  vertically  was  built,  backed  by  a  layer  of  choice  puddle 
clay  2  meters  thick,  on  the  up-stream  side.  This  diaphragm  was  started 
in  the  bottom  of  a  trench  in  the  bowlder  and  tepetate  formation  beneath 
the  surface  soil,  the  trench  being  2  to  5  meters  deep.  Considerable 
water  was  developed  in  the  trench  but  was  drained  off  without  difficulty. 
All  the  material  in  the  dam  was  put  in  place  by  peon  laborers  with 
"  chiquihuites, "  or  baskets  which  they  carry  upon  their  backs  with  a 
leather  strap  passing  across  the  forehead.  The  earth  was  moist  enough 
to  pack  well  under  the  thousands  of  trampling  feet,  and  though  no  roller 
was  ever  placed  upon  it,  the  dam  has  shown  no  perceptible  settlement. 
The  dam  was  completed  before  the  end  of  the  rainy  season  of  1905 
sufficiently  to  store  the  desired  volume  of  10,000,000  cubic  meters,  and 
proved  to  be  entirely  tight  with  the  exception  of  one  rather  serious  leak 
near  the  outlet-pipe,  which  was  shut  off  by  driving  sheet-piling  in  the 
day  puddle.  The  reservoir  proved  to  be  so  useful  that  it  was  resolved 
in  January,  1907,  to  enlarge  it  as  quickly  as  possible  by  the  addition 
of  4  meters  to  the  height  of  the  dam,  giving  a  capacity  of  44,000,000 
cubic  meters  to  the  lake.  To  make  this  enlargement  most  economically 
it  seemed  best  to  change  the  center  line  to  that  of  the  temporary  core- 
wall  and  build  a  permanent  core-wall  of  concrete,  1  meter  thick,  on 
the  up-stream  side  of  the  plank  diaphragm.  This  was  done  by  exca- 
vating one  half  of  the  clay  puddle  and  bracing  the  trench  from  the 
diaphragm  to  planking  placed  on  the  opposite  side.  This  was  done  and 
the  trench  solidly  filled  between  the  forms  which  were  not  removed. 
The  up-stream  slope  was  changed  to  2  on  1  and  covered  with  a  blanket 
of  selected  clay  puddle  1  meter  thick.  The  slope  of  the  down-stream 
half  was  increased  to  2  on  1  and  the  filling  made  of  the  best  material 
available,  well  under-drained  from  the  interior  rock-fill  by  trenches  filled 
with  rock  reaching  to  the  lower  toe,  at  intervals  of  20  meters. 

Cost  of  Basket  Earlhv^ork, — To  those  who  are  unfamiliar  with  methods 
in  vogue  in  parts  of  Mexico  in  handling  of  earth  and  rock  on  men's 
backs  by  baskets  and  other  home-made  receptacles,  a  brief  account 
of  it  may  be  of  interest.  In  northern  and  western  Mexico  the  peons 
use  a  basket  made  of  raw  hide,  while  in  the  central  and  southern 
portions  the  basket  is  made  of  bamboo  about  19  inches  deep,  17}  inches 
in  diameter  at  top,  7^  inches  at  the  bottom,  and  containing  1.4  cubic 
feet.  These  cost  40  cents  (Mexican)  each,  and  unless  reinforced  will 
not  wear  longer  than  3  or  4  weeks.  By  stringing  wires  through  them 
or  putting  rawhide  over  the  outside,  they  are  made  to  last  two  to  foui 
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times  as  long.  These  are  carried  on  men's  backs  with  a  loop  of  leather 
or  fiber  passing  over  the  basket  and  across  the  forehead.  The  most 
satisfactory^  method  of  working  the  laborers  is  to  give  them  a  task  of 
a  certain  measured  quantity  to  be  excavated,  loaded  in  baskets  and 
delivered  as  a  day's  work.  This  varies  from  2  to  5  cubic  meters,  accord- 
ing to  the  distance.  The  average  wage  is  75  cents  per  day.  With  a 
"tarea"  of  3  cubic  meters  carried  a  distance  of  150  meters  from  the 
pit,  up  a  2  on  1  slope  a  part  of  the  w^ay,  which  is  a  fair  clay's  work, 
the  cost  would  amount  to  9*5  cents  gold  per  cubic  yard,  pit  measurement, 
or  about  12  cents  per  cubic  yard  measured  in  the  settled  embankment- 
With  such  cheap  labor  as  is  available  in  Mexico  the  economy  of  hy- 
draulic-fill construction  is  not  so  pronounce^l  as  elsewhere,  and  it  is  to 
be  preferred  chiefly  on  the  ground  of  the  superior  quality  of  the  embank- 
ment produced  by  the  process. 

Los  Reyes  Dam. — The  fifth  dam  of  the  system  is  located  on  a  stream 
to  the  north  of  Laguna,  and  not  tributary  to  the  Necaxa  River*  A 
tunnel  through  the  interv^ening  ridge  was  required  to  make  its  water 
available  to  the  power-plant.  This  diversion  was  made  before  the  work 
on  the  dam  was  begun.  The  site  is  a  favorable  one  for  a  dam  of  100  feet 
height^  forming  a  reservoir  of  28,000^000  cubic  meters  capacit3^  The 
gorge  is  narrow,  and  the  volume  of  material  required  for  an  earth  dam 
is  but  183,000  cubic  meters,  which  is  small  in  comparison  with  the  storage 
secured.  Here,  too,  the  emergency  of  maintaining  a  water-supply  to 
the  power-plant,  already  taxed  to  its  limits  necessitated  the  employ* 
ment  of  the  temporary  expedient  of  building  a  toe  dam  while  the  founda- 
tions of  the  larger  structure  were  being  prepared.  This  was  made  in  a 
similar  manner  to  the  Laguna  Darn  with  a  combination  of  rock-fdl, 
wood  core-wall  and  earth-fill  on  the  up-stream  side,  with  a  much  thicker 
clay  puddle  against  the  diaphragm. 

The  concrete  core-wall  in  the  center  of  the  main  dam  is  being  carried 
down  through  soft,  seamy  sandstone  to  a  maximum  depth  of  60  feet. 
When  finished  up  to  the  top  above  the  stripped  surface,  it  will  be  enveloped 
in  clay  puddle  sluiced  in  by  water  supphed  by  a  larger  pump  capable 
of  delivering  water  under  suflficient  head  to  afford  a  cutting  stream  for 
loosening  the  earth  and  then  do  away  with  handwork.  The  down-sti-eam 
slope  will  be  composed  of  loose  rock  50  feet  thick  at  base^  5  feet  at  the 
top,  resting  against  the  clay  puddle  and  affording  the  requisite  stability 
and  drainage. 

In  building  the  toe  dam  the  principal  part  of  the  earth  was  put  in 
place  with  baskets,  and  a  plant  was  not  installed  for  sluicing  until  the 
work  was  two  thirds  completed.  Then  a  couple  of  Cameron  steam- 
pumps,  with  combined  capacity  nf  500  gallnnB  per  minute,  were  coupled 
together  and  water  to  the  amount  of  about  300  gallons  per  minute  was 
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pumped  from  the  ponii  above  the  dam  to  the  head  of  a  lO-inch  V-flume 
laid  on  10''r  a^ra^le.  termin:iting  on  the  <lam  above  the  wood  core-wall. 
Earth  waH  brought  in  basket-^  and  dumpetl  into  a  box  at  the  hea<l  of 
the  flume,  \vhenre  the  writer  '•arried  it  to  the  <iam.  The  maximum 
work  of  this  rvmie  apparatus  w:i8  o4r)  oubif^  meters  :7»)0  <!uhi<!  yards) 
delivered  in  10  huur5»,  with  a  ratio  of  7V,^  of  .solids  earrieti  by  the  water. 
The  cr>8t  of  earthwork  done  in  thw  manner  durinir  the  month  of  Decem- 
ber, including:  basket  deliver}'-  of  earth  not  shiicetl,  waa  under  11  cents 
gold  per  cul>ic  yard. 

These  various  wiirk.s  are  beinir  execTitf^i!  under  the  '*ontn>l  i-^x  R.  F. 
Hay  ward,  M.  Am.  >.nc.  C.  K.,  general  manager,  hy  Mr.  F.  S.  Hy«ie,  chief 
engineer. 

The  Torba  Hydratilic-fill  Dam,  California-— H.  Cla\-  Keilo«jg,  C.E., 
of  Santa  Ana,  r'al..  who  biiilr  the  Waialua  combinati-.n  dam  near  Hono- 
lulu, de8cri?>ed  in  the  turegnino:  page?^,  h:is  conrrtructeti  an  earth  dam 
chiefly  by  the  hydraulic  procer-s  near  Yorba  Srarion,  30  miles  south  of 
I/>s  Angeles,  which  hem  many  inrere>»tin2:  feature^*  and  illustrates  the 
adaptability  of  the  method  to  con»iitions  apparently  unfavorable.  The 
dam  is  47  feet  high.  .S<X)  feet  long  on  the  cre<t.  ha^ins  a  slo[>e  of  3.5 
on  1  on  the  water-face  and  2  on  1  outai«le,  with  a  crest  width  of  16 
feet.  Its  contents  are  about  100,000  cubic  yards,  of  which  SO^;  was 
excavated,  conveyed,  and  placed  by  the  agency  of  water.  The  dam  is 
located  at  the  e<l<re  of  a  mesa,  where  it  breaks  off  at  the  side  of  the 
valley  of  the  Santa  Ana  River,  an<i  the  t<jp  of  the  <lam  is  but  little  lower 
than  the  level  of  the  mesa.  It  closes  the  outlet  of  a  small  valley  in  the 
mesa,  and  forms  a  rfrser\-oir  of  5l,iX>0.0<M)  cubic  feet  capacity  (1170 
acre-feet)  to  l'>e  used  for  irrigation  as  an  adjunct  of  the  main  canal  of 
the  Anaheim  I.'nion  Waiter  Co.  This  canal,  from  the  Santa  Ana  River, 
feeds  the  rfrserv'oir  and  uii^^.^fr^^  around  it  at  an  elevati<)n  f.)Mt  a  few  feet 
higher  than  the  top  of  the  d.-iri:.  and  the  watf-r  u.>ed  in  r^^luiring  was  that 
supplied  by  this  canal.  The  uork  was  beirun  in  February  and  c^^mpleted 
in  Xoveml>er,  UK)7.  with  a  --mall  force. 

Owing  to  the  lack  of  head  for  liydraulickins  under  pressure,  the 
lower  half  of  the  dam  was  built  up  by  the  ground-sluicing  method,  the 
materials  being  loosened  by  plows,  picks,  anrl  bars  and  washed  into 
the  dam  through  flumes,  one  on  each  side,  laid  on  grades  of  4^^,  to  7% 
and  using  3  to  4  secr>nd-feet  in  each  flume.  The  side  levees  were  built 
up  at  the  beginning  4  to  8  fwt  hish,  with  earth  scraped  fn»ni  the  center. 
Sul')sequently  they  were  maintained  by  earth  brought  in  from  either 
end  by  cars  and  scrapers.  The  overage  cost  of  ground  slui^Mng  was  about 
eight  cents  per  cubic  yard. 

Julv  1st.  when  the  dam  reached  a  height  above  which  it  was  no 
longer  prwsible  to  secure  the  required  gradients  for  conveying  the  mate- 
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rial  by  gravity,  a  single  stage  centrifugal  pump,  operated  by  gasoline 
engine  of  60  H.P.,  was  installed  to  deliver  sluiced  material  through  an 
8*inch  pipe  to  and  along  the  dam,  a  maximum  distance  of  800  feet  from 
the  pump.  The  latter  was  located  at  one  end  20  feet  below  the  crest 
height  of  the  dam,  and  had  a  capacity  of  3  cubic  feet  per  second.  A 
second  centrifugal  pump,  with  a  capacity  of  0.5  second-foot,  was  in- 
stalled near  the  ditch  for  supplying  the  hydraulic  stream  used  for 
cutting  the  earth  bank,  delivering  the  water  through  a  nozzle  1  inch 
in  diameter  at  the  end  of  a  2-inch  hose,  under  a  pressure  of 
35  pounds  per  square  inch.  This  small  stream,  easily  controlled 
by  two  men,  sufficed  to  do  the  mining,  clear  water  being  added 
to  the  extent  of  2.5  second-feet  to  convey  the  loosened  earth  to 
the  lower  pump.  In  this  manner  about  600  cubic  yards  was 
delivered  daily  in  10  hours,  at  a  total  cost  of  about  12  cents  per  cubic 
yard. 

The  material  consisted  of  adobe  clay  soil,  sand  and  gravel.  A  goodly 
proportion  of  the  material  is  gravel  \  inch  to  4  inches  in  size.  The 
average  ratio  of  solids  delivered  to  water  pumped  is  about  15%.  The 
dam  has  no  core-wall,  but  has  a  deep  puddle  trench  excavated  through 
the  top-soil  into  hard  blue  clay.  This  trench  is  refilled  with  fine  clay 
segregated  from  the  soil  in  the  sluicing  operation,  which  constitutes  so 
large  a  proportion  of  the  heart  of  the  dam  as  to  insure  water-tightness 
of  the  structure.  The  material  left  on  the  slopes  is  coarse  enough  to 
afford  good  drainage  during  construction  and  insure  the  exterior  of 
the  dam  from  future  super-saturation. 

Fig.  134  shows  the  operation  of  hydraulic  sluicing,  and  Fig.  135 
illustrates  the  method  of  delivery  of  earth  upon  the  dam.  The  surplus 
water  was  drained  from  the  pond  through  stand-pipes  built  up  in 
successive  layers  and  connecting  with  the  main  outlet-pipe  through 
which  the  water  was  fed  into  the  reservoir.  The  entire  cost  of  the  dam 
was  about  $38,000. 

Silver  Lake  Dam,  Los  Angeles. — In  constructing  an  earth  dam  in 
the  city  limits  of  Los  Angeles,  for  storage  and  domestic  distribution 
service,  Mr.  Wm.  Mulholland,  M.  Am.  Soc.  C.  E.,  superintendent  of  the 
city  waterworks,  made  notable  use  of  the  hydraulic  system  in  some- 
what novel  ways  which  further  illustrate  the  flexibility  of  the  sluicing 
method  of  dam  building,  and  the  fact  that  it  is  not  essential  to  go  out- 
side the  limits  of  the  reservoir  or  above  the  high-water  line  to  secure 
material  for  a  hydraulic-fill  dam.  The  dam  is  900  feet  long  on  the  crest, 
66  feet  maximum  height,  and  contains  146,000  cubic  yards,  all  of  which 
was  taken  from  the  reservoir  basin  and  the  greater  portion  of  which 
was  handled  with  pumps  through  the  medium  of  water.  The  elevation 
of  the  crest  of  the  dam  is  460  feet  above  sea-level.    The  reservoir  is  fed 
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by  a  conduit  from  Las  iVageles  River,  aad  has  a  i^torage  capacity  of  156,* 
000.000  gallons  (479  acre-feet). 

Far  the  purpose  of  cutting  off  percolatioti  uaderneath  the  dam  a 
trench  was  excavated  to  bed-rock  oa  the  central  axis  of  the  embank-* 
mentf  throughout  its  entire  length,  reaching  a  depth  of  40  feet  below 
the  original  siurface  in  the  center  of  the  valley.  This  trench  was  filled 
with  a  concrete  core-wall,  which  was  carried  up  into  the  body  of  the  dam 
a  height  of  3  to  6  feet  above  the  original  surface*  In  the  deepest  part, 
for  a  considerable  distance,  this  wall  was  built  between  parallel  linea 
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Fio,  136. — SiLVEH  Laxe  DAMf  Los  Anoblss.  The  Earth,  Loosened  by  the  Hr- 
DRAUUc  Jet,  is  Convetbo  to  the  Pumping  Station  Shown  and  Fumfed  to 
THE  Dam. 

of  steel  sheet-piling  about  6  feet  apart,  driven  into  the  sandstone  bed- 
rock in  advance  of  the  excavation  of  the  earth  between  them. 

At  the  lower  levels  the  material  used  to  build  the  dam  was  loosened 
and  dissolved  by  ground  sluicing  with  water  taken  from  a  grade-line  pipe 
passing  through  the  reservoir,  Tlie  liquefied  earth  flowed  by  gravity 
down  the  slope  to  a  sump  whence  a  centrifugal  pump  forced  it  through 
a  pipe  to  the  dam,  where  it  was  distributed  by  flumes  and  lateral  branch 
pipes.  At  a  later  stage  the  hydrauHc  jet  was  used  for  loosening  the  earth, 
the  water  being  pumped  by  a  single-stage  centrifugal  pump  through 
4-inch  pipe,  and  delivered  under  pressure  of  70  to  100  pounds  through 
2-inch  nozzles,  controlled  by  a  local  modification  of  the  more  expensive 
hydraulic  monitor  used  in  the  mines. 
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When  the  material  within  2000  feet  of  the  dam  was  exhausted  on 
one  side  the  plant  was  removed  to  the  other,  and  successive  settings 
of  the  pumps  were  made,  retreating  further  away  each  time,  until  before 
the  dam  was  finished  the  material  was  being  forced  through  4000  feet 
of  8-inch  pipe,  with  the  main  pump  working  under  40  pounds  pressure, 
and  a  ''booster"  pump,  located  midway  on  the  line,  operating  under 
12  to  15  pounds  per  square  inch.  The  actual  lift  represented  only  about 
20%  of  the  total  head  pumped  against,  the  remainder  being  the  friction 
in  the  pipes.  During  the  later  stage  of  the  work  the  water  used  was 
about  2.5  second-feet,  and  the  rate  of  delivery  of  material  was  about 
500  cubic  yards  in  9  hours.  The  ratio  of  solids  to  water  was  therefore 
about  17%.  At  the  earlier  stages  this  ratio  was  as  high  as  28%.  When 
the  material  was  being  delivered  through  1500  feet  of  pipe,  a  careful 
summary  of  the  data  showed  the  cost  to  average  11  cents  per  cubic 
jrard.  Toward  the  end  of  the  work,  a  careful  account  of  cost  on  the 
delivery  of  8000  cubic  yards  showed  the  average  to  be  16  cents  per 
enbic  yard,  including  all  labor,  materials,  fuel,  etc.,  including  the  work 
of  buOding  up  the  side  levees  by  shovelling. 

The  water  used  was  returned  to  the  reservoir,  which  was  half  filled 
before  the  dam  was  finished.  The  main  pump  was  always  located  at 
the  water  edge,  where  it  could  take  additional  water  to  dilute  the  stream 
of  mud  from  the  jets. 

The  material  consisted  solely  of  surface-soil,  3  to  4  feet  deep  (over- 
lying hard-pan),  of  a  heavy  sandy  loam  quality,  containing  a  consid- 
erable percentage  of  clay,  which  was  carefully  separated  and  placed 
in  the  center  of  the  dam  by  the  action  of  water,  the  sand  being  left  on 
the  sides  of  the  embankment. 

To  prevent  a  slipping  of  the  outer  slope  while  it  was  saturated  from 
the  pond  on  top  of  the  dam,  six  2-inch  drain-pipes  were  driven  hori- 
zontally into  the  down-stream  face  of  the  embankment,  a  distance  of 
60  feet.  Each  was  provided  with  a  well-point  and  strainer  at  the  inner 
end.  They  were  about  evenly  spaced  over  a  length  of  200  feet  of  the 
highest  part  of  the  dam,  and  6  to  10  feet  above  the  surface.  The  greatest 
amount  of  seepage  from  any  one  of  tiiese  drain-pipes  measured  two 
gallons  per  minute,  which  diminished  to  one  fourth  in  a  few  weeks. 
These  drains  were  effective  in  keeping  the  face  of  the  dam  dry  and  stable. 

This  dam  is  of  special  interest  as  a  demonstration  of  what  can  be 
done  with  a  cheap  "pick-up"  plant  in  gathering  low-lying  material 
from  a  distance,  and  forming  a  dam  of  superior  compactness  at  moderate 
oost. 

Swink  Hydraulic-fill  Dam,  Colorado. — ^The  Apishapa  River  is  a 
torrential  stream,  which  drains  an  area  of  837  square  miles,  ranging 
im  elevation  from  4600  to  14,000  feet,  and  enters  the  Arkansas  River 
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from  the  south  a  few  miles  above  Rocky  Ford.  Its  mean  annual  run-off 
is  from  80,000  to  100,000  acre-feet,  but  it  is  so  irregular  and  flashy  in 
flow  as  to  require  storage  to  utilise  it  for  irrigation.  Owing  to  the 
absence  of  good  storage-sites  on  the  stream,  the  plan  formed  by  Senator 
G,  W.  Swink,  of  Rocky  Ford,  for  impounding  the  water  is  to  build  a 
diverting  canal,  24  miles  long,  31  feet  wide  on  bottom,  6  feet  deep,  with 
a  capacity  of  1100  second-feet,  from  the  stream  to  a  flat  basin  in  Patterson 
Hollow,  where  he  designs  to  construct  a  reservoir  covering  an  area  of 
2300  acres,  with  a  capacity  of  over  46,000  acre-feet,  by  means  of  a  dam 
7150  feet  long,  40  feet  high,  with  inner  slope  of  9  on  1,  outer  slope 
2  on  1,  crest  width  200  feet,  and  cubic  contents  of  2,800,000  cubic 
yards* 

The  materials  for  this  huge  dam  are  to  be  brought  to  it  by  the  canal 
in  its  descent  from  the  crest  of  the  ridge  between  the  valley  of  the 
Apishapa  and  that  of  the  reservoir,  a  distance  of  7  miles,  where  the 
fall  is  147  feet  to  the  top  of  the  dam. 

The  soil  is  an  extremely  fine  sand  which  has  great  cohesion  when 
compacted  under  water.  The  depth  to  shale  bed-rock  over  the  area 
to  be  sluiced  is  from  8  to  15  feet.  The  canal  will  speedily  cut  down 
to  bed-rock,  and  the  soil  must  be  carried  forward  to  the  dam.  The 
dam  slope  levees  were  built  to  a  height  of  12  feet  by  scraping  from  the 
space  between  them.  They  are  644  feet  apart  from  out  to  out.  The 
canal  will  flow  the  entire  length  of  the  dam  between  these  levees  and 
discharge  into  the  reservoir  at  the  far  end.  The  plan  is  quite  unique, 
and  the  scale  of  the  work  is  so  ambitious  that  much  time  may  be  re- 
quired to  complete  it,  although  the  cost  should  be  ver>"  moderate^  and 
will  chiefly  consist  in  building  up  of  the  side  levees  from  time  to  time, 
as  the  canal  will  only  need  intelligent  guidance  to  excavate  all  the 
material  it  can  carry.  The  construction  will,  in  a  measure,  be  auto- 
matic 

The  reservoir  will  have  16  outlet-pipes  through  the  dam  at  vary- 
ing levels,  in  8  pairs  on  either  side. 

The  dam  is  estimated  to  cost  about  $100,000. 

Croton  Hydraulic-fin  Daxn,  Mtchigan.^ — In  constructing  a  powers 
plant  on  the  Muskegon  River,  at  Croton,  Mich.,  in  the  winter  of  1906-7, 
the  Grand  Rapids-Muskegon  Power  Co.  employed  the  hydraulic-sluicing 
process  most  effectively  and  economically  for  the  erection  of  an  earth 
embankment  200  feet  long,  40  to  60  feet  high,  containing  104,000  cubic 
yards.  The  total  cost  of  the  work  *  averaged  but  6.8  cents  per  cubic 
yard,  including  all  expense  for  plant,  materials,  supplies,  labor,  power, 
etc.    The  detail  of  cost  was  as  follows: 
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Seven  Underwriter's  rotary  fire-pumps  were  used,  aU  belt  driven  by 
electric  motors,  but  on  account  of  the  revere  service  for  which  they 
were  illy  adapted  an  average  of  50%  of  the  pumps  were  out  of  service 
and  undergoing  repairs- 

The  mater  Lai  sluiced  was  fine  yellow  sand,  common  to  all  the  pine 
country  of  northern  Michigan,  and  waa  handled  in  semi-ctrcular  steel 
flumes,  30  inches  diameter,  in  10- foot  sections,  lapped  6  inches,  and 
laid  on  8%  to  9%  grades. 

The  river,  flowing  a  minimum  of  700  second-feet,  w^as  diverted  through 
the  spillway  channel  or  waste-gate  section  of  the  dam  by  rock-filled 
timber  cribs  sunk  across  the  channel  to  be  occupied  by  the  hydraulic- 
filL  A  low  fill  cf  long,  flat  slope  was  then  made  under  water  on  the 
up-stream  side  of  the  crib  by  hydraulically  sluicing  material  into  the 
channel  from  the  bluff,  75  feet  higher  than  the  top  of  the  dam  at  one 
side.  The  temporary  closing  cribs,  when  thus  faced  with  a  sluiced  fill 
on  the  down-stream  side,  were  made  nearly  tight  under  a  head  of 
15  feet  of  w^ater,  demonstrating  the  possibility  of  making  tight 
embankments  with  material  deposited  under  w^ater  by  hydraulic 
sluicing. 

Prior  to  beginning  the  permanent  embankment  a  continuous  row 
of  steel  sheet  piling  was  driven  through  sand  and  gravel  20  to  40  feet 
deep  to  and  into  a  layer  of  hard-pan  underlying.  On  top  of  this  line 
of  sheet  piling  a  reinforced  concrete  core- wall.  12  inches  thick,  was 
built  to  the  top  through  the  embankment  and  2  feet  above  the  water 
surface  to  serve  as  a  wave  protection  as  well  as  a  cut-off  to  prevent 
seepage  through  the  fill. 

The  dam  extends  from  the  power-house  located  in  the  center  of  the 
channel  to  the  highest  bluff  bank  of  the  river  at  one  side,  a  distance 
of  200  feet.  It  has  slopes  of  2 J  on  1  to  6  on  1  on  the  up-stream  side, 
and  2  on  1  to  4  on  1  on  the  down-stream  side.  The  nozzles  used  at  the 
face  of  the  excavation  were  attached  to  4-inch  rubber  hose  and  clamped 
to  a  12-foot  plank  pivoted  to  a  standard,  by  which  two  men  could 
readily  control  its  action.  The  nozzles  tapered  in  24  inches  from  4  inches 
to  li  inches.  The  greatest  distance  to  which  material  was  moved  in 
the  flumes  was  800  feet.  These  flumes  were  supported  on  light  pole 
trestles,  easily  erected  ai\d  moved. 

As  an  incident  to  the  construction  of  the  dam,  a  fill  of  20,000  cubic 
yards  was  made  by  hydraulic  sluicing  for  an  approach  to  a  highw^ay 
bridge,  just  below*  the  dam,  using  a  ^i-inch  Gould  rotary  fire-pump, 
driven  by  30  H.P,  motor,  the  material  being  deUvered  into  the  fill  in  a 
sheet-iron  flume  20  inches  wide,  5  inches  deep,  on  15%.  grade.  Coat 
data  kept  on  3000  cubic  yards  of  this  fill  showed  a  total  cost  of  1,4  cents 
per  cubic  yard  for  labor. 
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The  publication  of  the  author's  experience  in  similar  work'*'  a  short 
time  prior  to  the  construction  of  the  Croton  dam  doubtiess  encouraged 
the  designers  of  this  work  to  adopt  the  hydraulic  method,  then  entirdy 
new  in  Eastern  practice. 

Lyons  Hydraulic-fill  Dam,  Michigan. — ^The  Commonwealth  Power 
Co.,  of  Jackson,  Mich.,  an  ally  of  the  Muskegon  Grand  Rapids  Power 
Co.,  during  1906  and  1907  built  a  similar  dam  to  that  of  the  Croton 
dam,  just  described,  for  power  development  on  Grand  River  near 
Lyons.  The  embankment  extends  from  the  penstock  of  the  power-house 
150  feet  to  a  high  clay  bluff  that  forms  the  river  bank  on  that  side.  The 
embankment  contains  23,000  cubic  yards  of  material  placed  by  hydraulic 
sluicing  during  45  days  of  December,  January,  and  February  under 
difficult  conditions,  owing  to  the  severity  of  the  weather.  The  cost 
of  the  plant,  less  salvage  on  sale,  was  $1200,  or  5.13  cents  per  cubic 
yard.  The  labor  cost  was  27.3  cents  per  yard,  a  total  of  32.40  cents 
per  yard  for  the  entire  embankment.  The  material,  for  the  fill  was 
taken  from  a  clay  bluff  capped  with  10  feet  of  sand  and  gravel.  Owing 
to  the  tough  character  of  the  clay  the  overlying  material  alone  was 
used,  requiring  high  and  expensive  trestles  to  carry  the  flumes  to  the 
dump.  Ice  and  freezing  weather,  necessitating  the  use  of  powder  to 
break  up  the  earth,  made  unusual  difficulties  and  greatly  increased 
the  cost,  but  nevertheless  there  were  no  possible  means  of  doing  the 
work  so  cheaply  by  other  methods  under  the  conditions  prevailing. 

The  construction  of  both  the  Croton  and  Lyons  dams  was  carried 
out  under  the  supervision  of  Mr.  W.  G.  Fargo,  hydraulic  engineer,  of 
Jackson,  Mich.,  to  whose  courtesy  the  author  is  indebted  for  photo- 
graphs  Ulustrating  the  construction.     (Figs.  136  and  137.) 

Little  Bear  Valley  Dam,  California. — The  dam  which  is  under  construc- 
tion by  the  Arrowhead  Reservoir  and  Power  Co.  in  the  San  Bernardino 
Mountains  on  the  headwaters  of  the  Mojave  River,  is  one  in  which  the 
hydraulic-sluicing  process  is  used  to  wash  the  fine  materials  from  railway 
dumps  in  either  slope  to  the  center.  The  material  is  all  excavated  by 
steam-diiovels,  hauled  in  cars  by  locomotives  and  dumped  into  fills 
started  at  each  toe  of  the  embankment.  Pipes  are  laid  along  the  tracks 
from  which  outlets  are  provided  for  hose  used  for  washing  the  materials 
as  dumped.  The  water  is  supplied  by  steam-pumps.  The  dam  is  to 
have  an  extreme  height  of  200  feet  from  the  stream-bed,  and  is  built 
with  a  slope  of  2  on  1  down-stream,  and  2}  on  1  up-stream,  the  crest 
width  to  be  20  feet  at  a  height  of  15  feet  above  the  fiow  line  of  the  reser- 
voir.   A  concrete  core-wall  is  carried  up  a  little  in  advance  of  the  earth- 

*  Transactions  American  Society  of  Civil  Engineers,  Vol.  LVIII,  p.  196,  "  Recent 
Practice  in  Hydraulic-fill  Dam  Construction,"  by  James  D.  Schuyler,  M.  Am.  Sec. 
C.E. 
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fill  in  the  center  of  the  dam.  This  is  built  in  a  trench  20  feet  deep  and 
is  uniformly  20  feet  thick  up  to  the  stream-bed^  thence  it  batters  to 
3  feet  at  tibe  water-line  in  185  feet  of  height  above  stream-bed.  The 
volume  of  concrete  in  the  core-widl  is  to  be  about  30,000  cubic  yards, 
while  the  earth  will  have  a  total  volume  of  nearly  1^  million  cubic  yards, 
two  thirds  of  which  was  in  place  at  the  end  of  the  working  season  of 
1907,  reaching  to  a  height  of  about  110  feet. 

The  material  in  the  dam  consists  chiefly  of  disintegrated  granite, 
much  of  which  has  to  be  loosened  by  blasting  before  it  can  be  handled 
by  steam-shovel.  It  contains  a  variable  percentage  of  clay,  most  of 
which  is  sluiced  out  and  deposited  by  the  water  next  to  the  core-wall. 

The  reservoir  formed  by  the  dam  will  cover  an  area  of  884  acres 
and  impound  60,179  acre-feet.  The  outlet  to  the  reservoir  is  through 
a  tunnel  4957  feet  long,  half  a  mile  distant  from  the  dam,  lined  throughout 
with  concrete.  An  intake  tower  at  the  head  of  the  tunnel  is  being  built 
of  reinforced  concrete  to  a  height  of  180  feet,  with  an  interior  diameter 
of  9  feet. 

The  water  of.  the  reservoir  which  naturally  flows  to  the  desert  on 
the  north  side  of  the  range  will  be  conveyed  to  the  San  Bernardino  Valley 
by  a  series  of  long  tunnels  piercing  the  mountains,  and  dropping  to  the 
valley  through  pressure  pipes  by  which  power  is  to  be  developed.  The 
water  is  to  be  used  for  irrigation  and  domestic  supply. 

The  company  has  been  at  work  on  the  system  for  more  than  15 
years. 

Failure  of  Snake  Ravine  Dam,  California,  Illustrating  Danger  of 
Improper  Use  of  Hydraulic  Method. — ^The  lessons  to  be  learned  from  the 
failures  of  others  are  as  valuable  to  the  engineer  as  the  record  of  success- 
ful construction,  and  for  the  purpose  of  illustrating  how  not  to  build 
hydraulic-fill  dams  the  two  disastrous  attempts  undertaken  for  the 
Turlock  Irrigation  District  to  construct  a  dam  across  Snake  Ravine 
may  be  cited  as  conspicuous  examples  of  the  results  of  neglecting  correct 
methods  and  principles.  An  interesting  account  of  this  work  was  pre- 
pared by  J.  B.  Lippincott,  M.  Am.  Soc.  C.E.,*  from  which  the  follow- 
ing description  has  been  compiled. 

The  dam  was  planned  to  be  64  feet  high,  294  feet  long  on  top,  with 
erest  width  of  12  feet  at  a  height  of  4  feet  above  the  water-line,  and 
with  side  slopes  between  1.5  on  1  and  2  on  1.  Its  purpose  was  to  save 
the  construction  of  1500  feet  of  side-hill  canal  and  flume  in  the  line  of 
the  main  canal  of  the  Turlock  Irrigation  District.  The  capacity  of 
this  canal  is  1500  second-feet  and  it  was  located  to  discharge  into  the 
basin  above  the  dam,  after  passing  through  a  ridge  where  a  cut  50  feet 

*  EngvMering  Newi,  October  20,  1898. 
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deep,  800  feet  long,  was  required.     The  material  of  this  cut  was  aurif^ 

erous  gravel,  in  size  varjnng  from  1  inch  to  2  feet,  imbedded  in  red  clay 
with  some  sand  In  its  original  position  it  is  extremely  firm  and  imper* 
vious,  standing  for  yeai^  when  mined  in  walls  nejirly  vertical  m  high 
as  50  feet.  A  canal  used  for  hydraulic  mining,  with  a  capacity  of  24 
second-feet,  was  already  in  existence  100  feet  above  the  grade  of  the  irriga- 
tion canal,  and  but  one  quarter  of  a  nrale  distant.  All  these  conditions  were 
simply  ideal  for  the  cheap  construction  of  a  first-class  dam  by  the  hy- 
draulic process*  It  was  planned  to  build  the  dam  by  sluicing  down 
the  material  out  of  the  big  cut,  but  no  means  were  provided  for  convey- 
ing the  sluiced  material  to  the  slopes  of  the  embankment^  and  there  sepa- 
rating the  rock  from  the  clay  and  sand,  thus  giving  stability,  friction, 
and  drainage  to  the  exterior  sides  of  the  fill.  On  the  contrary,  the 
material  was  turned  loose  down  a  natural  ravine,  and  all  the  heavy 
bowlders  and  gravel  were  dropped  on  the  way,  while  merely  the  fine 
silt  and  clay  reached  the  dam.  Thus  the  basin  was  filled  with  many 
hundreds  of  yards  of  the  best  material  that  never  got  down  to  the 
embankment. 

The  first  attempt  w^as  made  in  1893,  but  the  dam,  which  was  eon* 
stanflv  shaky,  vibrating  and  wet,  without  abihty  to  drain  itself  to  a 
condition  of  stable  equilibrium,  slid  out  when  it  reached  the  height  of 
30  feet.  The  second  dam  w^as  built  upon  the  wreck  of  the  first,  and, 
although  greater  care  was  given  to  provide  drainage  by  an  inclined  box 
beneath  the  outer  slope,  so  that  it  w^as  completed  to  the  full  height,  it 
was  destroyed  in  the  same  manner  when  first  tested  by  filling  the  basin, 
June  14,  189S.  Tl^e  embankment  slid  en  masse  down  the  ravine  at  a 
velocity  of  6  to  10  feet  per  second,  and  after  travelling  a  distance  of 
over  1000  feet  was  thrown  bodily  into  the  Tuolumne  River,  creating 
a  temporary  dam  20  feet  high.  The  superintendent  and  two  dogs  were 
on  the  dam  when  it  gave  way  without  the  slightest  warning.  They 
were  all  carried  entirely  across  the  river  and  none  of  thera  hurt,  though 
the  man's  shirt  and  pockets  were  filled  with  sand  and  mud  on  the  trip- 

The  simplest  and  most  elementary"  precautions  in  dam  building 
appear  to  have  been  neglected^  and  no  attempt  was  made  to  prepare 
the  foundations  by  the  removal  of  mining  tailings  in  the  bed  of  the 
ravine,  the  excavation  of  a  trench  to  bed-rock,  or  the  construction  of 
any  sort  of  core- wall  or  seepage  barrier.  A  wooden  culvert,  4'X4'  in 
the  clear,  of  2-inch  Oregon  pine,  was  built  through  the  dam  at  the  bottom 
lesting  on  6  X  8-inch  stringers.  A  shaft  of  wood  was  built  up  at  the 
Upper  toe  as  an  overflow  for  draining  the  reservoir  during  construction. 
Connecting  with  this  box  was  an  inclined  worden  shaft  2'x4',  laid 
parallel  with  the  outer  slope.  10  feet  from  the  exterior  surface,  to  take 
off  the  overflow  from  the  pond  on  the  dara.    WHien  the  embankment 
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reached  a  height  of  40  feet,  the  main  culvert  was  crushed  by  the  weight 
above  it,  and  no  longer  served  as  a  waste  channel.  At  this  stage,  there- 
fore, hydraulic  filling  was  substituted  by  earth  brought  in  by  carts, 
by  which  means  the  fill  was  completed.  But  the  dam  always  leaked 
badly,  as  might  have  been  expected.  With  but  a  few  feet  of  water  in 
the  pond  there  was  a  stream  of  1  second-foot  passing  under  the  dam, 
issuing  from  the  broken  waste-box.  This  at  first  ran  muddy,  but  after- 
wards diminished  and  became  clearer  as  the  result  of  sluicing  in  materia) 
from  the  hillside  upon  the  upper  toe  of  the  dam.  Later,  when  the  pond 
was  filled,  there  was  more  leakage  through  the  material  deposited  by 
carts  than  through  the  stratified  material  that  was  sluiced  into  pK)si- 
tion. 

After  the  second  failure  the  building  of  a  dam  was  abandoned,  and 
the  ravine  was  crossed  with  a  flume. 

The  case  is  cited  as  an  example  of  the  misuse  of  a  most  favorable 
opportunity  for  building  a  permanent  construction  with  the  greatest 
pos^ble  economy  and  with  the  best  of  materials  for  lack  of  experienced 
and  intelligent  supervision.  The  work  was  done  without  an  engineer, 
by  a  so-called  "practical"  contractor,  upon  whom  fell  the  entire 
loss. 

Genoral  Principles  of  Hydraulic-fill  Dam  Construction. — From  the 
various  experiences  in  actual  works  detailed  in  the  foregoing  pages, 
the  general  principles  involved  in  successful  dam  building  by  the 
hydraulic  process  may  be  gleaned,  or  inferred  by  the  careful  reader, 
but  to  make  these  principles  clear  the  conclusions  of  the  author  from  his 
personal  experiences  and  years  of  observation  are  summarized  as  follows: 

Materials. — The  material  best  adapted  for  hydraulic-fill  dams  is  an 
admixture  of  rounded  bowlders,  of  all  sizes  that  can  be  transported 
with  the  water  and  grades  available,  gravel,  sand  and  clay,  the  latter 
to  comprise  10%  to  30%  of  the  whole.  The  rounded  rocks  roll  more 
readily  than  angular  stone,  and  create  less  wear  and  tear  in  the  pipes 
or  flumes  used  to  transport  them  while  the  clay  acts  as  a  lubricant  to 
assist  in  transporting  the  heavier  materials. 

The  most  difficult  material  with  which  to  build  such  a  dam  is  pure 
day  unmixed  with  sand,  because  it  is  unstable  until  the  water  convey- 
ing it  is  drained  from  the  mass,  and  if  the  entire  embankment  is  formed 
of  clay  its  complete  drainage  and  maturity  to  a  solidified  mass  is  a  slow 
process.  Shrinkage  is  much  greater  in  clay  than  in  all  other  materials, 
and  there  is  greater  likelihood  of  the  opening  of  cracks  during  the  process 
of  maturing.  The  difficulties  of  maintaining  the  slopes  during  con- 
struction are  also  greatly  increased  by  the  absence  of  coarse  materials 
on  the  slopes,  as  in  the  Lake  Frances  dam.  However,  as  is  truly  said 
by  a  good  authority,  "  Wet  clay  under  pressure  will  part  with  its  water 
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even  though  the  mass  be  entirely  surrounded  by  that  liquid/*  *  and 

when  finally  consolidated,  as  it  will  become  within  a  reasonable  time 
after  being  deposited  under  water,  it  makes  a  dam  which  can  have  no 
superior  for  water- tightness  and  solidity. 

The  preferable  use  of  clay  in  a  hydraulic-fill  is  as  a  core  between 
overlying,  overlapping  masses  of  sand,  gravel,  and  rock,  which  rest 
upon  the  clay  and  exert  such  constant  pressure  upon  it  as  to  assist  in 
squeezing  out  its  surplus  water,  for  which  the  porous  rock  affords 
required  drainage.  In  this  condition  clayj  no  matter  what  its  original 
chatiicter,  whether  it  be  a  "fat'*  clay,  subject  to  excessive  shrinkage, 
or  a  clay  which  readily  slacks  when  exposed  to  the  weather,  will  mature 
and  ripen  to  a  condition  where  it  will  neither  absorb  water  or  permit 
of  percolation  through  it*  Surface  clays  and  soils  which  are  thoroughly 
weathered  are  preferable  to  deep-seated  clays  in  beds  of  such  depth 
as  to  have  undergone  few  of  the  changes  produced  by  the  action  of  the 
elements.  In  the  opinion  of  the  authur,  fine  sand,  glacial  flour,  rock 
dust,  or  any  finely-pulverized  non-plastic  material  is  really  preferable 
to  clay  as  core  material  for  a  hydraulic-fill  dam,  for  the  reason  that 
when  settled  in  water  it  is  not  subject  to  shrinkage  or  further  settle- 
ment, and  is  practically  impervious  to  water  if  the  particles  are  fine 
enough  to  pass  a  lOOmesh  sieve.  A  combination  or  admixture  of  clay 
and  fine  sand  is  still  better  and  less  subject  to  shrinkage  than  pure  clay. 

SiraiiJicaiion.-^Aa  important  feature  of  construction  is  the  avoid- 
ance of  the  deposit  of  the  material  in  such  a  manner  as  to  permit  strata 
of  coarse  sand  and  gravel  from  passing  through  the  dam,  giving  porous 
passages  from  side  to  side*  This  may  be  regulated  and  controlled  by 
an  even  distribution  of  the  material  along  the  slopes,  avoiding  the  for- 
mation of  high  cones,  extending  beyond  certain  safe  limits  toward  the 
core,  and  by  keeping  the  pond  on  the  dam  as  high  as  possible  at  all  times- 
It  is  observed  that  sand  and  gravel  w^ith  a  lubricant  of  clay  will  take  a 
natural  slope  of  5%  to  8%,  but  on  passing  into  the  quiet  pool  will  drop 
and  deposit  at  a  slope  of  about  1  on  1,  while  the  clay  spreads  through 
the  water  practically  leveL 

Contact  unth  Foundation. — The  preparation  of  the  foundations  by 
stripping  all  loose  and  porous  material  from  at  least  the  center  third 
of  the  base  down  to  impervious  bed-rock,  hard-pan,  or  clay  is  the  first 
essential  to  secure  a  satisfactory  contact  with  the  foundation.  In  case 
the  base  material  should  be  of  the  least  doubtful  character  or  show^  in 
test  pits  that  there  may  be  porous  strata  beneath  the  stripped  surface, 
one  or  more  trenches,  extending  longitudinally  parallel  with  the  center 


I*  *'Clavs,  their  Occurrence.  Properties  and  Uses,"  by  Hemrich  Ries,  Ph.D 
Yorfc.  John  Wiky  &  Sons,  19D6. 
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Ene  abonld  be  excavated  to  the  depth  reqiiiied  to  give  mBOoaUe  asBiir* 
aoee  of  impenDeability,  or  that  the  poroos  strata  may  hare  no  direct  eon- 
nection  with  the  reservoir  above  so  as  to  permit  of  water  paasixig  beneath 
the  dam.  This  trench  should  then  be  filled  with  a  dense  quality  at 
concrete,  and  the  core-wall  carried  a  sufficient  height  above  the  stripped 
surface  to  enable  the  clay  core  material  to  envelop  and  form  a  bond  with 
H  as  the  plastic  matter  settles  and  consolidates.  In  some  cases,  as 
in  dams  of  moderate  height,  not  over  50  feet,  the  concrete  may  be  omitted 
entirely  and  the  trench  aUowed  to  fill  with  the  natural  puddle  of  the 
dniced  matcriaL  Where  the  foundation  is  clay,  hard-pan,  or  rock 
overiaid  to  a  considerable  depth  by  permeable  sand  and  gravel  which 
would  be  expensive  to  excavate,  a  satisfactory  joining  with  the  im* 
pervious  base  may  be  made  by  driving  a  continuous  line  of  sheet-piling 
from  end  to  end  of  dam  through  all  porous  matter  into  the  base 
materiaL 

Should  the  hydraulic-fill  be  lacking  in  impervious  material  it  is  good 
modem  practice  to  build  a  reinforced  concrete  core-wall  through  the 
body  of  the  fill,  founded  on  the  sheet-piling  below. 

Concrete  or  Masonry  vs.  Clay  as  a  Core-wall. — The  essential  difference 
between  the  practice  of  English  and  American  engineers  in  the  building 
of  ordinary  earth  dams  is  that  the  former  rely  for  water-tightness  on  a 
q)ecially  prepared  puddle  core-wall  of  clay  in  the  center  of  the  dam, 
deeply  founded  in  a  trench  below  the  lowest  surface,  and  carried  up 
to  the  original  surface  in  form  of  a  widening  wedge,  which  narrows  thence 
to  the  top  of  the  dam.  American  engineers,  on  the  contrary,  seldom 
use  clay  in  this  manner,  either  because  of  its  scarcity  and  high  cost  of 
the  quality  desired,  or  for  other  constructive  reason,  but  prefer  a  central 
eore-wall  of  masonry  or  concrete  backed  on  either  side  by  the  most 
impervious  material  available  well  rolled  in  layers.  Investigations  made 
of  a  number  of  these  dams  of  the  best  American  types  a  few  years  since 
revealed  the  fact  that  the  core-walls  are  seldom  water-tight.  Mr.  E. 
Sherman  Gould,  late  M.  Am.  Soc.  C.  E.,  in  commenting  on  the  revelations 
of  the  borings  made  in  various  high  earth  dams  during  the  investigation 
of  the  new  Croton  dam  by  Messrs.  Croes,  Smith,  and  Sweet,  in  1901^ 
says:*  ''It  is  to  be  feared  that  in  many  cases  the  masonry  center  walls 
of  earth  dams  are  built  too  light.  They  should  be  more  than  mere 
diaphragms:  they  should  be  walls  in  fact  as  well  as  in  name.  My  own 
rule  is  to  give  the  center  wall  a  bottom  thickness  equal  to  one- 
quarter  of  the  greatest  depth  of  water  in  the  reservoir,  and  to  draw 
in    by    offsets  2    feet    in  every    10  feet   of  height.      I   would  never 


*  Engineering  Newi,  February  9,  1902. 
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voluntarily  reduce  this  thickness,  although  I  might  increaHe  it,  except 
perhaps  to  draw  in  more  rapidly  near  the  top  in  the  case  of  a  very  high 
wall/' 

This  expression  represents  the  extreme  of  conservatism  from  the 
standpoint  of  the  American  engineer.  The  way  in  which  masonry  or 
concrete  core-walls  are  regarded  by  English  engineers  is  partly  expressed 
by  the  language  used  b}^  the  late  James  Manaergh,  F,R.S.,  when  President 
Institution  of  Civil  Engineers,  in  an  address  to  the  society,  in  which  he 
said:  *'I  am  not  sure  that  such  a  core  may  not  be  made  from  end  to 
end  of  an  earth  dam,  if  very  special  precautions  are  taken  by  well  rolling 
the  bank  to  insure  that  unequal  seUkmeni  or  surging  does  not  take  place. 
/  have  fwver  yet  ventured  to  trij  it,  but  if  I  do  not  get  ner\'ous  as  I  grow 
older,  I  may  some  day/'  Reginald  E,  Middleton,  M.  Inst  C.  E,,  of  London  * 
writes  on  this  subject:  *' Where  masonry  alone  is  used,  should 
there  be  any  movement  in  the  bank,  the  wall  will  be  fractured^ 
serious  leakage  may  talce  place  and  the  dam  be  so  much  weakened 
thereby  that  its  unforeseen  destruction  may  result,  and  it  is  exceedingly 
difficult  to  make  a  thin,  or  even  a  thick,  masonry  wall  perfectly  water- 
tight," 

Hydraulic-fill  dams  offer  a  safe  and  satisfactory  middle  ground  of 
compromise  between  the  American  earth  dam  with  concrete  core-wall 
or  diaphragm  and  the  English  tyi>e  of  earth  dam  with  ite  elaborate  mixed 
and  tamped  puddle-wall  of  selected  clay.  By  no  other  process  can 
such  a  large  proportion  of  the  entire  dam  be  made  of  puddle  clay  at 
practicable  cost. 

The  apparent  effect  of  hydraulic  sluicing  upon  most  soils,  the  natural 
process  of  sorting  out  the  finer  particleSt  is  to  produce  a  clay  of  marked 
uniformity,  Mn  Joseph  Morgan,  consulting  engineer/ Cambria  Steel 
Works,  Johnstown,  Pa.,  in  making  a  series  of  analyses  of  core  material 
from  various  hydrauhc-fill  dams  in  widely  separated  sections  of  the 
country,  noticed  a  curious  similarity  between  them,  and  first  called 
attention  to  it  in  correspondence  with  the  author.  The  analyses  were 
practically  identical,  except  in  the  absence  of  sulphur,  with  those  of 
average  English  blue  clays,  which  show  the  following  ratio  of  constit- 
uents: 

Silica, - 63.35 

Alumina  and  iron , ,,.,..   18  ^  50 

Lime 6.60 

Sulphur  ..,,,..., , , 4.32 

IjOss  by  ignition  . , , .,..., 7 .  23 

100.00 

t  Engineering  Record^  March  29,  1902, 
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It  would  seem  from  these  analyses  that  the  natural  result  of  the 
process  is  the  automatic  segregation  and  deposition  of  puddle  clay  of 
a  quality  equal  to  the  best  puddle-core  material  used  in  English  dam 
construction,  at  a  small  fraction  of  the  cost.  This  being  true  no  other 
core-wall  can  possibly  be  required.  There  have  been  no  failures  of 
earth  dams  on  record  within  the  knowledge  of  the  author  due  to  the 
lack  of  water-tightness  of  the  puddle-core. 

The  hydraulic  process,  therefore,  affords  the  means  of  segregating 
and  assembling  the  puddle-cores  from  all  classes  of  soils,  and  when  in- 
telligently employed  will  make  a  safe  dam  from  the  most  unpromising 
materials. 

LimUing  Height  of  Hydraxdio-fill  Dams. — The  highest  earth  dam  in 
the  world,  the  San  Leandro  dam,  near  Oakland,  California,  is  but  125 
feet  from  base  to  crest,  and  this  was  partially  constructed  as  to  exterior 
dopes  by  the  hydraulic-sluicing  process.  It  is  without  masonry  core- 
wall.  Until  within  the  past  few  years  engineers  have  been  inclined 
to  consider  100  feet  as  about  the  safe  limit  of  earth  dams.  The  author 
does  not  subscribe  to  this  doctrine,  but  believes  that  nature  has  given 
too  many  examples  of  glacial  lakes  many  hundreds  of  feet  deep  formed 
by  dams  of  moraine  deposits  to  discourage  the  engineer  from  building 
earth  embankments  by  the  improved  hydraulic  process  of  any  height 
desired,  limited  only  by  practical  considerations  of  cost  and  time  re- 
quired for  construction,  provided  suitable  conditions  are  presented. 
E.  Sherman  Gould,  M.  Am.  Soc.  C.  E.,*  touched  the  keynote  to  this 
question  in  the  following:  **It  would  seem  that  whatever  water  gets 
into  an  earth  bank  must  be  introduced  by  simple  soakage,  the  pressure 
exercising  but  a  slight  influence  upon  the  penetration  beyond  a  small  depth. 
If  this  view  be  correct,  then  it  appears  reasonable  to  suppose  that  the 
greater  the  mass  of  earth  the  less  danger  of  its  being  saturated  by  the 
water,  which,  as  the  area  increases  approximately  as  the  square  of 
the  height,  would  lead  to  the  conclusion  that  as  far  as  soakage  is 
concerned  the  higher  the  dam  the  less  liability  is  there  of  general 
saturation." 

In  its  appUcabiUty  to  the  design  and  construction  of  high  hydraulic- 
fill  dams  the  author  indorses  the  following  editorial  expression  of  En- 
gineering Record  (vol.  46,  p.  121):  **With  reasonable  care  in  founding 
an  earth  embankment  upon  such  solid  and  impervious  foundation  as 
rock  or  its  equivalent  for  such  a  purpose,  and  with  other  features  so 
designed  as  to  shut  off  absolutely  the  flow  of  water  underneath  and 
with  a  practically  impervious  bank,   which  it  is  perfectly   practicable 

*  Engineering  Newi,  February  20,  1902. 
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to  flttaiiip  guarded  with  pavements  on  both  the  up-stream  and  down- 
stream sides  if  advisable,  there  seems  to  be  no  basis  as  yet  on  which  a  limiir- 
ing  height  of  earth  dam  may  be  placed.  The  design  of  these  structures 
has  been  born  of  conditions  under  which  they  have  been  imperative,  as 
the  expense  of  solid  masonry  work  would  have  been  prohibitive*  They 
have  served  sound  engineering  purpose,  and  they  point  the  way  to 
further  economical  development  of  high  dam  construction  under  circum- 
stances where  earth  embankments,  or  even  earth  embankments  com* 
bined  with  rock-fill  and  other  accompanying  features  of  design  arv.- 
justifiable  by  the  canons  of  the  beat  engineering  practice/'  In  the 
author's  opinion  there  is  no  hmit,  except  one  of  cost,  to  the  height  to 
which  it  is  possible  and  safe  to  build  hydra ulic-fill  dams,  provided  they 
be  made  of  sufficient  dimensions  to  fulfill  the  simple  requirement  that 
frictional  resistance  to  the  passage  of  water  shall  be  practically  insuper- 
able, or  if  water  in  moderate  amount  does  find  its  %vay  through  the  mass^ 
that  it  shall  be  robbed  of  all  velocity  and  power  to  transport  any  of 
the  particles  of  the  embankment  with  it,  issuing  clear  as  water  issues  from 
a  filter. 

Drainage. — The  stability  of  hydraulic-fill  dams  aa  well  as  that  of^ 
alt  earth  dams,  depends  to  a  large  extent  upon  the  proper  drainage  of 
the  down-stream  portion  of  the  embankment.  Unless  the  lower  third 
of  the  foundation  consists  of  gravel,  loose  rock,  or  other  porous  material, 
through  which  water  will  percolate  freely,  artificial  drains  should  be 
provided  to  lead  the  water  draining  from  the  center  third  to  the  outer 
toe.  These  drains  should  not  approach  nearer  the  center  than  the  hue 
between  the  middle  and  outer  thirds  of  the  base,  and  they  should  be 
80  prepared  as  to  act  in  the  nature  of  a  filter,  grading  from  fine  to  coarse, 
in  a  way  to  avoid  displacement  of  the  core  material  during  the  process 
of  drainage  and  consohdation. 

A  covered  gathering  well  at  the  head  of  each  drain,  to  concentrate 
seepage,  and  so  arranged  as  to  force  the  water  to  rise  in  the  bottom 
against  a  certain  slight  head,  boiling  up,  as  in  a  spring,  can  be  recom^ 
mended  as  an  efficient  and  satisfactory  device.  The  well  should  be 
surrounded  with  fine  gravel  and  sand,  and  when  properly  made  will 
always  be  found  effective  in  preventing  percolating  water  from  washing 
out  channels  through  the  dam. 

Hydraulic  Fills  on  the  Canadian  Pacific  Railway < — Further  examples 
of  the  successful  employment  of  hydraulic  mining  principles  to  the 
work  of  building  embankments  are  to  bt  found  on  the  Pacific 
coast,  but  none  more  instructive  than  the  extensive  hydraulic  fills 
made  by  the  Canadian  Pacific  Railway  in  British  Columbia,  where 
trestle  of    great  height  are   being    supplanted    by    earth    and    gravel 
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embankments  made  by  the  agency  of  water  alone.  The  methods 
employed  differ  materially  from  those  described  in  the  foregoing  pages, 
but  will  doubtless  find  frequent  application  elsewhere  in  irrigation-dam 
construction. 

At  trestle  No.  374,  near  North  Bend,  in  Fraser  lEUver  Canyon,  110  miles 
east  of  Vancon^er,  there  was  required  to  fill  a  chasm  an  embankment  231 
feet  in  height,  containing  148,000  cubic  yards.  When  visited  by  the  writer 
m  No7ember,  1896,  the  fill  had  reached  a  height  of  167  feet  and  contained 
70,000  cubic  yards,  all  of  which  had  been  put  in  place  by  the  hydraulic 
process.  The  plant  used  consisted  of  1450  feet  of  donble-ri7eted  sheet-steel 
pipe,  15  inches  in  diameter,  1200  feet  of  sluice-boxes  or  flumes,  about  3  feet 
wide  and  the  same  depth,  one  No.  3  double-jointed  *'  Giant "  monitor  with 
6-inch  nozzle,  and  a  large  derrick  fitted  with  a  Pelton  wheel  connected  with 
the  winding-drum  of  the  derrick  and  operated  by  diyertiug  the  jet  of  water, 
used  in  piping  the  bank,  upon  the  wheel  when  loads  were  to  be  hoisted  by 
the  derrick.  The  grayel  bank  where  the  material  was  obtained  was  1130 
feet  distant  from  the  center  of  the  track,  and  from  this  pit  the  pipe  was 
laid  to  an  adjacent  stream,  1450  feet,  in  which  length  the  fall  available  was 
125  feet.  The  sluice-boxes  were  laid  on  a  grade  of  11^  for  the  first  425 
feett  increasing  to  25^  the  rest  of  the  way.  They  were  chiefly  supported 
on  trestles.  These  boxes,  constituting  a  continuous  flume,  were  paved  with 
wood  blocks  on  the  lighter  part  of  the  grade,  and  with  pieces  of  old  railway 
rails,  laid  close  together  lengthwise  of  the  flume,  where  the  grade  was 
heafiest 

One  of  the  most  serious  difSculties  here  encountered — and  each  locality 
develops  its  special  problems — was  the  fact  that  about  50^  of  the  materials 
in  the  gravel-pit  was  such  as  to  be  classed  as  cemented  gravel ;  20^  con- 
sisted of  bowlders,  too  large  to  pass  through  the  flume  and  requiring  to  be 
hoisted  out  of  the  way  and  piled  up  by  the  derrick ;  while  but  30^  was 
loose  gravel,  of  the  character  best  adapted  for  the  work.  Notwithstanding 
these  disadvantages  the  results  accomplished  are  quite  remarkable,  as  the 
entire  cost  of  the  work,  including  the  plant,  was  but  $5089,  an  average  of 
7.24  cents  per  cubic  yard.  The  entire  force  employed  consisted  of  eight 
men,  disposed  as  follows:  1  piper  at  the  monitor,  1  man  at  the  head  of  the 
sluice-boxes  and  in  the  pit,  2  on  the  flume,  '^  driving  "  the  material  along 
to  prevent  choking,  3  on  the  dump,  distributing  the  material  and  making 
brush  mattresses  for  the  slopes,  and  1  foreman,  a  carpenter,  chiefly  engaged 
on  general  repairs  of  flume  and  overseeing  the  work.  The  time  occupied 
was  as  follows:  sluicing,  95.3  days;  removing  bowlders  from  the  pit,  50.4 
days;  repairing  flume  and  plant,  13.5  days;  total,  159.2  days  of  10  hours 
of  the  entire  force.  The  total  number  of  yards  moved,  divided  by  the  actual 
working-time  when  sluicing  was  in  progress,  gave  an  average  of  738  cubic 
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viirds  per  day  of  10  honrs,  or  at  the  rate  of  1771  cubic  jarde  per  24  hoiira. 
The  water  used  was  approximately  11  cubic  feet  per  second,  or  550  nJner's 
inches  under  -i-inch  pressure  (440  inches  under  6-inch  preBanre),  the  duty 
performed  beiug  3.22  yards  per  24-Jiour  inch  under  4-inch  preasure,  or 
4.02  cubic  yards  per  iucU  under  O-iucb  pressure,  which  Jatter  is  the  unit  of 
measure  most  commonly  used  in  the  tiydraulic  miuea. 

Had  the  gravel-bank  been  free  from  large  bowlders^  the  work  eould  have 
\ieen  done  in  two- thirds  of  the  time  actually  occupied,  and  hutl  the  pre<isura 
Ijeeu  greater  and  the  gravel  all  loose  instead  of  being  partially  cemented^ 
requiring  the  use  of  explosives  to  loosen  it,  the  duty  of  the  water^  ou  the 
high  grades  available  for  the  flume,  sliould  have  heen  increased  more  thau 
threefold,  as  the  ratio  of  solids  carried  was  only  about  5.^  of  the  volume  of 
water  used.  An  u ti tie rataudiug  of  all  these  conditions  suggests  what  might 
be  accomplished  by  thia  metliod  with  a  perfect  combinBtion  of  circum- 
stances,  viz.,  water  under  pressure  of  400  to  500  feet  head,  loose  materials 
in  abundance  for  w^ishiug,  freedom  from  rocks  of  large  size,  and  heavy 
grades  to  the  dump. 

In  building  the  embankment  no  provisiou  was  made  for  draining  oi!  the 
water  down  tlirough  the  center,  but  it  waa  allowed  to  pour  over  the  slopes, 
which  were  protected  from  erosion  by  brush  and  tree- tops  woven  iu  alter- 
nating layers  along  the  edges  of  the  iilL  Old  track-ties  and  poles  were  also 
used  with  the  brush*  In  addition  to  this  protection  it  was  necessary  to 
exercise  care  to  prevent  the  water  from  concentrating  in  channels  or  from 
reaching  to  the  sides  or  flowing  down  the  hill  o^er  the  natural  snrface.  By 
keeping  the  sides  of  the  fill  a^  uearly  level  as  possible  the  water  was  spread 
in  a  thin  sheet  over  the  face-alopes  and  reached  the  bottom  of  the  embank- 
merit  without  washing  or  doing  injnry.  The  slopes  are  remarkably  true 
and  uniform,  and  the  embankment  was  packed  very  hard,  particularly  near 
the  end  of  the  sluice,  where  the  gravel  had  dropped  from  a  considerable 
height  to  tfie  dump  below. 

The  device  employed  for  bandling  the  bowlders  in  the  pit  by  water- 
power  was  ingeniouo  and  effective,  and  was  similar  to  those  in  common  use 
iu  hydraulic  mines,  wliere  water  under  pressure  is  turned  at  will  upon  a 
tangential  water-wlieel  with  peripheral  backets.  This  wheel,  being  attached 
to  a  winding-drum,  the  wire  hoisting-rope  leading  from  the  derrick  boom 
is  r  ipidly  wound  up  and  the  load  handled  at  will.  A  friction -brake  with 
long  lever  gave  the  operator  perfect  control  of  tfie  load  and  enabled  him  to 
lower  it  as  swiftly  or  as  gently  as  desired.  Sharp  turns  In  the  flume  were 
made  by  vertical  drops  of  2  feet  at  the  angle,  and  two  turns  of  90*"  each 
were  thus  successfully  made. 

Bowlders  with  one  or  two  square  feet  of  face  would  sometimes  stop 
rolling,  and  if  not  quickly  started  would  cause  a  jam  and  overfloW| 
endangering  the  lltuite  on  the  gravel  hillside.     Hence  it  was  necessary  la 


192  RESERVOIRS  FOR  IRRIGATIOX,  WATER-POWER,  ETC. 

•mploj  two  **  driTen ''  to  patrol  the  portion  of  the  flnme  wbere  the  grade 
was  lightest,  to  keep  all  sach  stones  in  continaoas  motion.  On  the  hea¥ier 
grade,  however,  no  sach  attention  was  necessary. 

In  the  snuimer  of  1894  the  railway  company  made  a  similar  fill  of  66,000 
enbic  yards,  at  the  crossing  of  a  stream  called  Chapnum  Creek,  the  average 
cost  of  which  was  7.5  cents  per  cabic  yard,  of  which  3.2  cents  was  for 
plant.  The  actaal  work  of  slaicing  was  bat  1.78  cents  per  cabic  yard. 
In  this  case  also,  it  was  necessary  to  use  explosives  to  loosen  the  gravel  and 
prepare  it  for  washing. 

In  1897-98  the  same  company  made  a  similar  fill  at  the  crossing  of 
Moantain  Creek,  in  the  Selkirk  Mountains,  reqniring  400,000  cabic  yards. 
(See  Fig.  141.)  The  total  length  was  10,086  feet  over  all,  with  extreme 
depth  of  154  feet.  The  fill  was  carried  ap  on  a  slope  of  1^  to  I.  Between 
Aug.  10  and  Nov.  1, 1897,  over  65,000  cabic  yards  were  slaiced  in  place,  at 
the  following  cost: 

Mattresses •1370.79 

Slaicing  labor 1195.96 

Maintenance  and  repairs 678.90 

Superintendence  and  tools 385.05 

Total •3630.70 

This  gives  the  average  cost  of  the  firat  65,000  cubic  yards  at  5.59  centir 
per  yard.  Inclading  a  proportion  of  the  plant,  the  average  was  less  than 
8  cents  per  cubic  yard  of  embankment.  The  work  was  done  in  abont  60 
working  days  of  10  hours  each,  and  the  average  was  nearly  1100  cubic  yards 
per  day.  The  water  was  delivered  to  the  nozzle  of  the  monitor  under  a 
head  of  160  feet,  the  diameter  of  nozzle  being  5.5  inches.  The  volume 
was  therefore  15.75  second-feet,  or  787  miner^s  inches.  The  ratio  of  water 
to  gravel  was  as  19  to  1  and  the  daty  of  the  water  was  nearly  4.2  cubic 
yards  per  24-honr  inch  under  6-inch  pressure.  The  sluice-boxes  had  a 
grade  of  8^.  The  water-supply  was  brought  in  a  flume,  4  feet  wide,  2  feet 
high,  2  miles  long,  built  on  a  grade  of  20  feet  per  mile.  The  entire  plant, 
inclading  roads,  camp,  stables,  flume,  pipe-line  1200  feet  long,  sluice-boxes 
600  feet  in  length,  etc.,  cost  •10,0:38.40.  Considerable  expense  was  caused 
by  snow  and  land-slides,  which  damaged  the  plant. 

The  trestles  were  filled  beginning  at  the  banks  of  the  stream  and  work- 
ing back  each  way.  On  the  made  bank  thus  formed  masonry  piers  were 
constructed,  and  a  steel  bridge  of  five  spans  was  built  over  the  main 
stream  between  them. 

The  work  has  been  planned  and  executed  under  direction  of  H.  J. 
Gamble,  Chief  Engineer  Pacific  Division,  Canadian  Pacific  Railway,  arid 
his  Chief  Assistant  Engineer,  Edmund  Duchesnay,  of  Vancouver,  B.  C,  by 
whose  conrtesy  the  data  concerning  the  work  have  been  supplied. 

The  class  of  work  done  on  the  Canadian  Pacific  Railway  described  ia 
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the  forgoing  ptgos  it  identiGal  with  that  which  u  T«qtiired  in  dun* 
cotistmction  with  Aitnilftr  materials,  and  the  prcK!««86t  employed  will  bt 
rec^g&tied  hj  engineers  as  distitictlj  applicable  in  a  triatiie  on  the  subject 
of  hydraulic  dam-buitdiog,  the  only  difference  being  that  in  mil  way  Ulls  na 
attention  is  paid  to  snch  a  distribution  of  matemU  as  will  secure  the  waters 
tightness  of  the  bank  and  free  drainage  of  per<^olating  waters  on  ita  esterior 
sorfaee. 

Hydraulic  FilU  on  the  northern  Pacific  Railway. — The  cheap  and  effeo* 
live  transportation  of  eanh»  gravel,  n>ck,  and  saml  and  their  deposit  in 
embankment  by  water  at  a  coet  far  below  all  other  feasible  methoda,  is  th# 
main  principle  in^olted,  and  this  principle  has  been  gi^en  further  ilemon^ 
BtratioQ  on  a  large  ft^e  on  the  Northern  Pacific  llailway,  in  the  State  of 
Washington,  during  the  yeara  181^5-9<?"l*7.  No  less  than  fifteen  high  and 
dangerons  trestles  on  the  Cascade  Mountain  dtvision  hate  been  replaced  by 
hydranlic-made  embankmenta  of  earth,  gravel,  and  loose  rock»  waahed  from 
the  adjacent  monutainsidee.  The  total  amonnt  of  material  thna  moTed 
aggregates  606^750  cnbtc  yards,  the  average  cost  of  which  waa  <3.Ut)  oeiit«  f>er 
cnbic  yard;  or  5,Sit  cents  for  tabor  and  0,57  centu  for  materiali.  The  lowest 
coat  of  any  of  the  fills  was  d/^S  cents  per  cnbic  yard,  everylhing  inolnded* 

The  aTerage  cost  of  377,000  cubic  yards  was  4,79  centa  per  yanl,  of 
which  the  detailed  cost  per  cnbic  yard  was  aa  follows,  figiire«  which  may  be 
of  special  inter^t  to  thoae  contemplating  similar  nndertakings: 

Slnicing  aad  bnilding  side  le?eos. . .....  Xm  ecuts  j»er  yard. 

Hay  used  in  side  levees. * . . . *  0. 09 

Tools .• 0.08 

Lumber  and  nails. 0.2% 

Labor  bnilding  flumes * . . ,  0* 44 

Engineering  and  superintendence 0.11 

Total. Ofi 

This  work  was  done  in  the  midst  of  a  dense  fnreet,  where  the  ground  to 
be  sluiced  had  to  be  cleared,  and  stnmps  and  roots  necessarily  interfered 
with  the  loosening  of  the  material.  All  of  the  i)7 7,000  yards  wore  carried 
and  deposited  by  water  brought  to  the  pits  by  gravity.  In  one  case,  how» 
ever,  that  of  bridge  191,  the  water  was  supplied  by  pumping  and  4*l,*-i50 
cubic  yards  were  moved  by  water  thus  lifted  at  an  average  coat  of  13.5  centi 
per  cubic  yard,  the  detail  of  which  was  as  follows: 

Sluicing  and  building  lereea. ...,...,.   10*81  cpnti  por  yard- 

Hav  used  in  side  levees ..*.     O.'il 

Tools.  .... 0.14 

Lumber  and  nails .*....*....,.     0. 1^ 

Labor  bnilding  flumes 0.14 

Coal  nsed  in  pumping. 1 .  H7 

Engineering  and  saperintendenoe.  * . .  <     0.20 

Total....... Id^M    "      "     ** 
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The  plan  adopted  on  thig  work  for  disposal  of  the  water  after  it  had 
accomplished  it^  duty  was  practically  the  game  aa  that  used  at  the  La  Mesa 
dam.  A  waste-box  (or  a  n amber  of  them  if  the  fill  was  a  large  one)  was 
takea  up  through  the  body  ot  the  em  bank  me  at,  and  bnilt  np  a  little  at  a 
time,  as  the  filling  iocreased  in  height.  The  top  of  the  boxes  was  always 
kept  lower  thau  the  side  levees,  so  that  the  water  could  escape  without 
oversowing  the  srdes  as  in  the  case  of  the  Canadian  Pacific  fills.  Hay  or 
straw  was  umd  for  the  Aitie  levees,  imtead  of  brush  or  logs,  wliich  wonld 


'^ir- 


Fig-  113,— NoRTtTKRN  Pact^c  RAnwAT.    BFn>«R  IftO, 

have  cost  coiigidemblv  more.  In  order  to  prevent  the  rapid  wearing  out  ot 
the  bottom  of  the  tl times  a  paving  of  souare  timbers  was  used,  cut  into 
3-inch  blocks,  so  that  the  end  wonld  be  presented  as  wearing  surface. 

It  was  found  that  grades  of  7*^  and  preferably  8^  were  most  ad  van* 
tageona  for  the  slu icing-flumes  to  carry  material  containing  considerable 
gravel  and  rock,  to  prevent  frequent  blocking  of  the  flumes. 

By  courtesy  of  E,  H*  McHenry^  uhief  Engineer,  and  Charles  S*  Bihler, 
Division  Engineer,  Northern  Pacitic  Railway,  the  writer  has  been  furnished 
with  the  interesting  photographs  of  the  work  (Figs.  143,  144,  145,  and 
146),  which  illustrate  the  process  of  hydrauhc  filling  very  clearly  in  all  its 
phases,  and  demonstrate  with  what  precision  embankments  can  thus  be 
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formed.    The  following  general  description  of  the  work  from  the  pen  of 
Mr.  Bihler  is  appended: 

**  The  r^ults  ha^e  been  very  gratifjing,  both  aj  to  cost  and  character 
of  the  fills  made.  We  are  using,  or  t^}^ing  to  obtain,  aboot  100  inches  of 
water  for  each  nozzle,  as  with  a  less  quantity  the  rocky  character  of  the 
material  moTed  does  not  give  good  TesuUs^  In  same  cases  we  hare  been 
able  to  obtain  water  at  the  bridge,  withont  the  necessity  of  building  any 
considerable  length  of  Humes*  In  other  cases  we  had  to  coostrnct  several 
miles  of  li times  for  the  water-supply*     ^rheae  flumes  are  coDBtructed  in  the 
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Fto.  U4. — NuuTntiUN  Pacific  Railway.    Bbiboe  189,  Cascade  MouKTAtiia. 


most  temporary  manner,  of  inch-and-a-qnarter  lumber,  16  to  18  iaches 
square.  Where  the  locality  would  permit  we  have  carried  the  dirt  to  the 
bridges  to  be  filled  a  distance  of  over  half  a  mile.  The  manner  of  bnildiDg 
up  the  fill  is  very  clearly  shown  in  the  photographs.  We  use  hay  for  keep- 
ing up  a  levee  on  the  outside,  and  wooden  frames  or  baffle-boards  which  are 
easily  moved,  to  deflect  the  maiu  current  from  the  lereee^  The  waste- water 
le  taken  oft  through  a  waste- box  which  is  taken  up  throagb  the  body  of  thd 
611  and  built  up  as  the  filling  increasea  in  height  By  adjusting  the  height 
of  the  waate-gate  a  larger  or  smaller  amount  of  fine  material  can  be  retained 
In  the  fill,  as  desired.     In  building  up  the  fill  naturallj  a  separation  of  the 
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materials  takes  place*  The  coarser  material  ]8  deposited  right  cinder  thd 
end  of  the  sin  ice-boxes^  while  the  finer  material  is  carried  along  toward  the 
waste-hoxest  the  finest  particles  of  each  being  deposited  in  the  ticinity  ol 
the  waste-gate  in  the  shape  of  mod.  For  large  embankments  it  is  therefore 
Beeessary  to  have  several  waste-gates^  bo  that  coarse  material  :nay  be 
deposited,  from  time  to  time,  at  those  places,  and  the  accumulation  of  too 
mnch  of  the  fine  material  at  any  one  point  may  be  avoided. 

"  The  plant  required  for  the  work  la  rather  inexpensive.     According  to 
locality,  one  nozzle  would  require  from  300  to  1000  feet  of  light  sheet^iron 
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Pit  seowtng  HrDRAtiLic  Giakt  jk  Actiok* 


pipe,  coating  abont  37*5  cents  per  foot,  and  a 
Ontflide  of  this  nothing  is  reqnired  except  picks, 
"  The  character  of  the  material  that  we  have 
able*  The  pits  are  very  rocky,  and  the  batks 
can  be  loosened  by  the  water-jet  are  not  deep* 
and  bnildinfr  levee  inclndes  all  costs  of  clearing, 
peqnired  with  each  nozzle,  to  bnild  the  levee, 
Biy thing  else  connected  with  the  work." 


No*  2  Giant,  coshng  *95. 
shovels,  hoes,  and  axes, 
available  is  not  very  favor- 
overlying  bed-rock  which 
The  cost  given  for  sluicing 
Prom  five  to  sii  men  are 
move  aluice-boxes,  and  do 
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The  distinctive  advantflge  recognized  in  favor  of  hydraulic  filling  of 
trestles  on  rttiiwajs  la  that  it  can  be  carried  on  without  iiiterniption  to  the 
■  tnil!ic  and  without  endangering  the  treatle,  either  by  falling  rocks  or 
unequal  settlement,  and  when  it  is  completed  no  further  settlement  of  the 
embankment  can  occur.  The  Utter  advantage  applies  with  special  force  to 
dam-conatructionj  and  is  one  whose  importance  can  scarcely  be  overesti- 
mated. Where  the  materials  available  consist  of  large  and  small  stones, 
either  angular  or  rounded  with  small  gravel,  sand,  and  silt,  the  ease  with 
which  these  materials  may  be  graded  and  as.^orted  so  as  to  permit  the  outer 
portion  of  the  embankment  to  be  built  of  the  coarser  rock  where  it  will 
afford  ready  drainage,  while  the  liner  particles  may  be  assembled  in  the 
center  and  inside  where  they  will  best  resist  percolation,  constitutes  a 
further  advantage,  which  may  well  he  considered  as  an  efficient  substitute 
for  the  ordinary  puddle* wall  of  earth  dams  built  in  the  nsual  manner* 
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Seattle,  Waihington, — Except  in  the  manner  of  loosening  the  materials 
and  putting  them  in  motion,  the  methcwls  of  hydraulic  construction  of 
embankment  described  in  the  foregoing  pages  are  quite  similar  to  those 
employed  in  the  reclamation  work  done  hj  the  Seattle  and  Lake  Washing- 
ton Waterway  Co,,  at  the  citj  of  Seattle,  Washington. 

This  work,  however,  has  a  totally  different  object,  namely,  the  opening 
of  navigable  tidal  channels  by  dredging  and  the  reclamation  of  valuable  tide- 
lands  adjacent  to  the  business  center  of  the  city,  by  filling  them  with  the 
fine  black  sand  dredged  from  the  channels.  Two  powerful  auction-dredges 
were  used,  each  with  a  capacity  of  removing  6000  to  7000  cubic  yards  of 
aolids  per  24  hours,  which  was  pumped  from  the  bottom  of  the  channel 
throngh  18-inch  pipes,  a  distance  of  2000  to  4000  feet,  and  deposited  to  a 
depth  of  18  or  20  feet  over  the  area  to  be  reclaimed.  Some  311,000,000 
cubic  yards  are  to  be  han riled  io  this  way,  and  1500  acres  filled  in  solidly 
to  a  height  of  2  feet  above  high  tide.  The  actual  cost  of  this  class  of  work 
does  not  exceed  two  cents  per  cubic  yard. 

The  mean  velocity  maintained  in  the  delivery-pi  pea  was  13.5  feet  per 
second,  and  the  discharge  was  24  second-feet,  so  that  when  the  work  was  at 
a  maximum  the  percentage  of  sol  ids  carried  by  the  water  was  9^,  although 
tests  have  shown  as  high  as  20^.  The  balkhead  along  the  channels  which 
hold  the  sand  in  place  is  made  of  brush  mattreases,  while  the  temporary 
cross-levees  are  effectively  formed  by  the  use  of  coarse  hay,  straw,  or  swamp- 
grass,  precisely  as  used  on  the  Northern  Pacific  fills. 

Tacoma,  Washiiigton. — Hydraulic  fSlling  was  done  on  a  very  large  scale 
a  few  years  si  nee,  at  Tacoma,  Washington,  with  salt  water  pumped  from 
Puget  Sound.     The  wharves  in  front  of  the  city  were  located  near  the  foot 
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of  a  high  blnfF  of  glacial  drift,  and  it  was  desired  to  fill  a  Isrge  area  of 
lowland  approaching  the  wharves,  and  sabetitate  a  portion  of  the  wharvea 
with  an  embankment  of  solid  ground.  To  do  this  woric  the  pnmped  water 
was  piped  against  the  bank,  which  was  nndermined,  and  the  material 
carried  to  the  place  of  deposit  by  the  water.  The  cost  of  the  work  is  repre- 
sented to  have  been  very  low,  not  exceeding  six  cents  per  cnbic  yard,  and 
^e  object  songht  was  attained  with  entire  saccess. 

Eolyoke  Dam,  Kassachnsetts. — The  Holyoke  dam^  across  the  Connecti- 
"Mit  River,  was  bnilt  as  a  dmber-crib  struct  a  re  1017  feet  long  and  30  feet 
high.  In  18^0  the  dam  was  reconstructed  and  dlleil  with  a  mass  of  puddle- 
gravel,  washed  in  and  puddled  by  hydraulic  streams,  under  direction  of 
Mr.  Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  of  which  he  writes:*  '*  No 
part  of  the  work  orave  less  anxiety  and  more  satisfaction  than  this  from  the 
day  it  was  started."  Referrinar  to  similar  work  Mr.  Herschel  again  writes:  f 
**  Pure  gravel,  just  as  it  comes  from  the  gravel-pit,  will  make  a  water-tight 
stop,  when  used  between  planks,  or  in  any  other  position  for  which  puddle 
is  used,  as  far  as  my  experience  goes,  better  than  clay  or  a  clay  mixture 
ever  did." 

Mr.  Herschel  further  desrribea  gravel  as  **a  natural  mixture  of  earth 
and  pebbles:  of  variou.s  attributers  and  consist enrie*^.  ^ome  of  which  are 
good  for  building  dams  and  some  not.  The  best  for  that  purpose  1:5 
gravel  that  will  puddle  or  •hindinir  «:ravel.'  To  tell  whether  any  given 
gravel  would  puddle  and  to  judire  «»t  it.-  fitness  U)r  use  in  a  dam.  it 
should  \)e  mixerl  with  water  in  a  p)ail  tn  the  consistencv  of  moist  earth, 
about  to  be  userl  in  a  dam  or  before  rolling.  If  on  turning  the  pail  upside 
down  the  gravel  remained  in  the  pail  it  was  fit  for  use.  but  if  it  dropped 
out  it  should  lie  discarded."  J 

Utah  Experiments.— The  experiments  made  by  Prof.  S.  Fortier.  of 
the  Utah  Afl^ricultural  rolleee  F^xperiment  Station,  on  the  mixture  of 
various  aggrejratcs  for  usf  in  r-jmst ruction  of  earthen  dams,  shows  that 
gravel,  sanrl.  and  clay  will  occupy  less  space  and  become  more  compact 
when  poured  into  water,  mixed  therewith,  and  all<»wed  .o  drain  and  settle,. 
than  l)y  any  process  of  tampins;  either  intjist  or  dry.j 


♦  Trans.  Am.  Soc.  Civil  Encj.,  vol.  xv.  p  54>S. 
t  /M.,  vol.  XX vi.  p.  fiM 
J  Engirijerrinfj  StnrA,  S^'pt.  0,  VM)'y, 

S  Karth(?n  Oarn.'*,  by  Samuel  Fortier;   Bulletin  Utah  Agricultural  College,   No.  46^ 
Nov.  ISOO. 


CHAPTER  III. 
MASONRY  DAMS. 

The  character  of  structure  which  appeals  most  effectively  to  the 
majority  as  worthy  of  coufideuce  in  its  ability  to  withstand  water-pressure 
and  the  action  of  the  elements  for  ages  is  unquestionably  the  masonry  dam, 
founded  on  solid  rock  and  built  up  as  a  monolith  between  the  natund  rock 
buttresses  of  a  gorge,  with  Portland-cement  mortar.  Such  a  structure 
invariably  commands  greater  respect  and  confidence  in  the  public  mind 
than  any  other.  It  may  not  in  certain  cases  actually  be  safer  from  over- 
turning or  better  able  to  resist  the  strains  and  forces  tending  to  rupture  it 
t}ian  well-bnilt  dams  of  wood,  earth,  or  loose  rock,  but  it  usually  has  the 
appearance  of  strength;  and  the  moral  effect  of  a  dam  of  that  character 
upon  the  public,  as  well  as  upon  investors  in  securities  dependent  upon  the 
stability  of  dams  and  the  permanence  of  the  water-supply  retained  by  them 
in  reservoirs,  is  one  which  cannot  be  disregarded. 

That  masonry  dams  are  not  built  in  every  site  is  due  to  the  fact  that 
the  foundations  are  not  always  suitable,  and  surrounding  conditions  often- 
times render  their  cost  prohibitive. 

Masonry  dams  are  distinct  from  buildings,  arched  bridges,  and  other 
masonry  structures  in  that  the  best  class  of  masonry  as  ordinarily  applied 
and  used  is  not  best  adapted  to  dam-construction.  Cut-stone  masonry  or 
ranged  ashlar,  while  more  expensive  and  of  greater  strength,  is  not  so  suit- 
able for  masonry  dams  as  random  rubble,  laid  regardless  of  beds  or  courses, 
homogeneous  concrete,  or  a  combination  of  large  irregular  masses  of  stone 
«mbedded  in  concrete  —  a  rubble-concrete, — either  of  which  is  much 
cheaper.  The  strains  in  a  dam  are  in  various  directions,  whereas  rangeu 
ashlar,  laid  in  horizontal  courses,  is  best  adapted  to  resist  the  forces  acting 
perpendicular  to  those  courses,  and  not  those  having  the  same  horizontal 
direction.  The  dam  should  therefore  be  made  as  nearly  homogeneous  and 
monolithic  as  possible,  and  the  stones  used  thoroughly  interlocked  in  all 
directions,  avoiding  the  horizontal  courses  of  ordinary  cut-stone  masonry. 

While  masonry  dams  have  been  built  antedating  the  Christian  era,  and 
some  very  notable  ones  were  constructed  in  Spain  for  irrigation-storage 
more  than  three  hundred  years  ago,  it  is  only  within  the  past  fifty  years 
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that  the  correct  theories  of  the  straina  to  which  each  strnctQrea  are  sab- 
jected»  and  the  proper  proportiong  to  he  girea  them  to  aactire  stahilitf 
under  all  cotiditionB,  have  been  reduced  to  some  degree  of  inathematica[ 
certainty.  The  Spanish  dama  hoilt  in  the  aixteenth  centary  were  massive 
blocks  of  masoary,  almost  rectangular  iti  form,  containing  a  large  stirplud 
of  material  beyond  actual  requiremeut,  but  so  unBcieutifically  disposed  as  to 
produce  maxima  pressures  dangerously  near  the  point  of  crushing* 

The  French  engineers  who  were  required  by  the  French  Government  to 
prepare  plans  for  high  maeoory  dams  for  the  control  of  floods  on  torrential 
risers  iu  southern  France  about  fifty  years  ago,  were  the  first  to  advance 
new  ideas  and  practical  theories  on  the  principles  that  should  govern  the 
design  of  these  structures.  M.  Sazilly  prepared  a  paper  on  the  subject  in 
1853,  and  a  few  years  later  the  matter  was  more  fully  elaborated  by 
M,  Delocrej  on  whose  formula  were  drawn  tlie  plans  for  the  great  Furene 
dam,  183.7  feet  high.  In  1881  Prof.  W.  J.  M.  Raukine,  the  noted  English 
engineer,  was  called  upon  to  report  on  the  best  form  of  maaonry  dam  to  be 
bnilt  for  the  city  of  Bombay,  India,  and  investigated  the  question  in  a 
thorough  mathematical  way^  producing  a  form  of  profile  which  is  recog. 
nized  aa  one  of  the  most  logicaJly  correct  in  its  conformity  to  all  requisite 
conditionB*  He  established  as  one  of  the  governing  principles  that  no 
tensile  strains  should  be  permitted  in  any  part  of  the  masonry^  and  that 
therefore  the  lines  of  reAultant  pressure,  with  reservoir  either  full  or  empty, 
should  fall  within  the  inner  third  of  the  dam  at  all  poiuts.  The  acceptance 
of  this  principle  carries  witli  it  aa  a  necessary  Bequence  that  the  maxima 
pressures  will  fall  below  safe  limits,  whereas  if  the  dam  be  designed  with 
regard  to  safe  limits  of  pressure  alone  the  structure  may  be  eo  slender  as  to 
carry  the  lines  of  pressure  far  beyond  the  center  third  and  thus  set  up 
dangerous  tension  in  the  masonry. 

Other  prominent  English  engineers  who  have  investigated  the  subject 
are  Mr.  Guilford  L.  Molesworth  and  Mr.  W*  B*  Coventry, 

Mr.  H.  M.  Wilson,  Assistant  Hydrograpber,  U*  S.  Geological  Survey,  in 
his  **  Manual  of  Irrigation  Engineering,"  devotes  a  long  chapter  to  an  ad- 
mirable diacnssion  of  masonry  dams,  while  the  most  recent  American  treatise 
is  the  elaborate  work  entitled  *'  The  Design  and  Construction  of  Dams,'' 
by  Edward  Wegmann,  C.E.,  of  which  the  fifth  edition  was  issued  m  New 
York  in  1907*  Mr,  Wegnmnn  baa  rendered  invaluable  sen- ice  to  the  pro- 
fession in  the  investigation  of  the  difficult  problems  involved  in  the  design 
of  masonry  dams,  and  in  simplifying  the  mathematical  formube  for  com- 
puting the  economical  safe  proportions  of  such  structurea. 

The  general  principles  to  be  considered  in  designing  Bucb  a  dam  are 
briefly  as  follows: 

(1)  That  it  must  not  fail  by  overturning. 

(2)  That  it  must  not  slide  on  its  foundation  or  on  any  horizontal  jointa. 
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(8)  Tbftt  it  miiBi  not  ful  by  the  crnsbiDg  of  the  masonrj  or  the  settle- 
ment of  its  foundation. 

(4)  That  it  mnst  be  eqoallj  safe  from  excessive  pressure  upon  the 

masonry  whether  the  resenroir  be  fall  or  empty. 

(5)  That  certain  known  safe  limits  of  crushing  of  masonry  of  the  class 

to  be  used  shall  not  be  exceeded. 

Masonry  dams  may  resist  the  thrust  of  water-pressure  either  by  their 
weight  alone  or  by  being  built  in  the  form  of  an  arch,  which  will  transmit 
the  pressures  to  the  abutments.  The  first  of  these  two  classes  of  structure 
is  called  the  gravity  dam.  The  second  is  the  arch  dam,  and  it  may  be 
either  of  the  gravity  type  in  arched  form,  or  it  may  depend  upon  its  arched 
form  alone.  In  either  case  the  weight  of  the  dam  must  be  borne  by  the 
foundations,  and  these  must  be  of  the  best  quality  of  solid  bed-rock. 
ETorything  of  a  friable  nature  shoald  be  removed,  and  the  excavation  so 
made  as  to  leave  the  surface  roagh,  to  avoid  the  possibility  of  the  dam 
aliding  on  its  base.  The  maxima  pressures  permissible  should  not  exceed 
15  tons  per  square  foot,  and  may  require  to  be  as  low  as  6  tons  per  square 
foot  For  very  high  dams  it  is  essential  that  they  should  diminish  in  thick- 
ne«  as  the  top  is  approached,  else  the  masonry  might  be  crushed  and  fail 
of  its  own  weight.  This  consideration  suggests  the  simple  triangle  as 
theoretically  correct,  with  certain  modifications.  The  thrust  of  the  water 
tends  to  overthrow  the  dam  by  revolving  it  around  its  lower  toe,  and  hence 
there  is  such  a  concentration  of  water-pressure  and  weight  of  masonry  at 
that  point  as  to  necessitate  a  sufficient  width  of  base  to  confine  the  resultant 
of  these  forces  inside  the  outer  toe-line  of  the  wall,  and  avoid  the  crushing 
of  the  masonry  by  distribation  of  the  strains  over  a  greater  area.  If  the 
hypothenuse  of  the  right-angle  triangle  were  presented  to  the  water  as  the 
upper  face  of  the  dam,  the  forces  acting  perpendicular  to  that  face  would 
give  the  wall  greater  stability  from  overturning,  if  the  structure  were  con- 
sidered as  a  rigid  body  incapable  of  being  crushed.  On  the  contrary,  if  the 
vertical  side  of  the  triangle  be  presented  to  the  water,  the  dam,  while  less 
liable  to  be  overturned,  is  more  capable  of  resisting  fracture  or  crushing, 
the  pressures  are  more  evenly  distributed  over  its  base,  and  the  foundations 
less  likely  to  yield. 

While  the  simple  triangular  form  of  dam,  of  such  base-width  that  the 
lines  of  prei»^nre  with  reservoir  full  or  empty  fall  within  the  inner  third, 
amply  fulfills  the  requisite  conditions  to  resist  the  quiet  pressure  of  water, 
in  practice  it  is  necessary  to  give  a  certain  definite  width  to  the  top  of  the 
dam  to  enable  it  to  resist  wave-action  and  ice-thrust.  In  dams  50  feet  high 
or  less  this  top  width  need  not  exceed  5  feet;  for  dams  100  feet  high  the 
width  need  not  be  more  than  10  feet,  and  for  a  height  of  200  feet  a  width 
of  20  feet  is  considered  ample.  Greater  widths  are  given  where  the  top  of 
the  dam  is  to  be  used  as  a  roadway.    The  crest  of  the  structure  should  also 
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be  raised  a  certain  eIe¥ation  abo^e  the  highest  water-level  to  provide  for 
extreme  floods.  This  anperelevation  will  uecesBarilj  be  governed  by  tbe 
fiize  of  the  spillway  provided  and  the  area  of  watershed  tribntary,  but 
ordiuarily  it  should  be  limited  to  about  15  feet  at  the  extreme. 

High  teservoir  dams  erected  acroes  large  atreamg,  where  Condi tions  do 
not  easily  permit  of  the  constrQction  of  a  spillway  to  carry  tbe  water  around 
them  and  it  is  necessary  to  permit  tbe  passage  of  floods  over  their  crest,  are 
eubjected  to  shocks  dae  to  the  weight  of  water  falling  upon  the  toe  of  the 
dam^  which  cannot  be  compated  acenrately  and  for  whicli  no  formulae  have 
been  deduced.  In  cases  of  this  kind  it  is  customar}'  to  allow  a  substantial 
addition  to  the  dimensions  given  by  the  theoretical  profiles  dednced  from 
the  formulae  far  gravity  dams  under  qniet  pressure,  and  to  provide  a  water- 
cnshion  at  the  toe  of  the  dam  by  the  erection  of  an  auxiliary  wall  a  little 
distance  below.  The  lower  face  of  the  dam  should  also  confonn  aa  closely 
ss  possible  to  the  nataral  curves  assumed  by  the  falling  water 

Curved  Dami.— While  there  is  an  essential  general  agreement  among 
engineers  as  to  the  theoretical  profile  best  adapted  for  gravity  dams,  there  is 
A  wide  difference  of  opinion  as  to  the  effect  of  the  value  of  the  arch  in 
adding  stability  to  the  dam.  That  such  structures  can  and  do  snccesafully 
transmit  pmssnres  laterally  to  the  abtitmenta  is  proven  by  the  Bear  Valley, 
the  Zcli,  and  the  Sweetwater  dame  (Fig,  148),  the  three  highest  and  most 


FlQ.  148.— COMFABISOBT  OJP  PROflLKS   OF    ZdLA,    £>WltKTWATIEE.    AND    BkAR    VALLrf 

Da:us. 


noted  types  of  arched  dams  in  existence,  The  Bear  Valley  and  Zola  dams 
are  so  slender  in  profile  as  to  be  absolntety  unstable  were  they  built  straight, 
while  the  Sweetwater  dam,  though  more  nearly  approaching  the  gravity 
typ©j  is  of  such  proportiona  as  to  be  theoretically  unstable  as  a  gra? ity  dam* 
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althoagli  it  has  sacceeBfnllj  withstood  the  shocks  of  ui  enonnoiis  flood 
ponriDg  over  its  crest  for  nearly  two  days. 

M.  Delocre  has  said  that  a  carved  dam  will  act  as  an  arch  if  its  thick- 
ness does  not  exceed  one-third  of  the  radios  of  its  apper  face,  while  another 
eminent  French  engineer,  M.  Pelletreaa,  considers  that  it  will  so  act  pro- 
vided the  thickness  be  not  greater  than  one-half  the  radius.  Mr.  J.  B. 
Krantz  maintains  that  a  radios  as  small  as  65  feet  is  essential  to  permit  a 
dam  to  act  as  an  arch  and  transmit  water-pressare  to  the  sides.  All 
engineers  appear  to  agree  that  the  mathematics  of  carved  dams  are  extremely 
uncertain,  and  irredacible  to  a  satisfactory  demonstration.  It  is  nn- 
doabtedly  trae  that  in  a  narrow  gorge  a  considerable  saving  of  masonry 
might  be  made  by  constracting  the  dam  as  an  arch,  with  eqnal  stability  to 
one  of  gravity  type  bailt  straight.  M.  Delocre  is  of  the  opinion  that  in  no 
ritaation  is  it  necessary  for  a  carved  dam  to  be  of  greater  thickness  at  any 
point  than  the  width  of  the  valley  at  that  height.  The  principle  now 
generally  adopted  as  safe  is  to  make  the  strnctare  strong  enongh  to  resist 
water-pressnre  by  its  weight,  and  carve  the  form  as  an  additional  safeguard. 

The  cnrviug  of  all  dams  of  whatever  length  or  height  regardless  of 
whether  they  may  act  as  an  arch  or  otherwise  for  the  purpose  of  enabling 
them  to  better  resist  the  tendency  to  vertical  cracks  due  to  variations  in 
temperature,  especially  in  countries  subject  to  climatic  extremes,  is  coming 
to  be  recognized  as  of  safficient  importance  to  lead  to  its  general  adoption. 
In  this  connection  the  following  quotation  is  taken  from  the  remarks  of 
Prof.  Forchheimer  of  the  Aix  la  Chapelle  Polytechnic  School,  Germany,  in 
discussing  a  paper  read  by  Mr.  George  Farren,  before  the  Institution  of 
Givil  Engineers,  in  1893,  on  '^  Impounding  Reservoirs.''*  Referring  to  a 
dam  82  feet  high,  plastered  and  rendered  over  with  two  coats  of  asphalt, 
built  by  Prof.  Intze  in  Remscheid,  Westphalia,  Prof.  Forchheimer  says: 

**  A  backward  and  forward  movement,  amounting  to  l^V  inches, 
occurred  during  the  filling  and  emptying  of  the  reservoir,  and  the  move- 
ment due  to  temperature  was  almost  as  great  as  this.  The  latter  was  due 
less  to  the  temperature  of  the  air  than  to  direct  solar  radiation.  The  crest 
of  this  dam  was  460  feet  long  and  was  arched  with  a  radius  of  420  feet. 
One  side  was  exposed  to  the  sun  longer  than  the  other,  and  the  more  exposed 
part  moved  to  and  fro  seven-eighths  of  an  inch  in  the  course  of  the  year, 
while  the  other  part  moved  only  one-eighth  of  an  inch,  the  crest  expanding 
one  nine-thousandth  of  its  length,  or  five-eighths  of  an  inch.  In  arched 
dams  such  movements  do  no  harm,  but  in  straight  dams  these  phenomena 
are  objectionable.  As  dams  are  usually  built  during  the  warmer  seasons  of 
the  year,  the  masonry  has  a  tendency  to  contract  in  the  colder  weather. 
In  a  curved  dam  this  can  take  place  by  movement  of  the  structure  without 
cracking,  but  not  in  a  straight  dam.  ...  If  the  temperature  is  lowered 

*  Proc.  lD8t.  Civil  £og.,  vol.  cxv.  p.  156. 
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10°  C.  (B(F  F,)and  it  is  not  frre  to  contract,  tension  amounting  to  between 
140  and  280  pounds  per  square  incli  is  aet  up,  which  ib  greater  than  the 
mortar  will  stand,  .  ,  -  That  a  straight,  or  almost  itraight^  wall  incurs 
considerable  danger  of  fractare  is  shown  bj  practical  experience*  The 
dams  of  Habra,  (frands-Cheurfas,  and  Sig,  in  Algiers,  hare  broken,  and  in 
that  of  Hamiz  a  tear  occurred  during  the  first  filling.  The  llnhra  dam 
broke  in  December,  and  the  llrands-Cheurfas  and  Sig  dams  gave  way  in  the 
month  of  February,  The  Beetaloo  dam,  in  Australia,  also  developed  a 
crack  one-eighth  of  an  inch  wide  in  the  middle  of  winter  without  any 
apparent  cause.  The  Monche  dam,  Haute  Marne,  a  structure  1346  feet 
long  and  about  100  feet  high,  exhibits  clearly  the  dangers  attending 
straight  dams.  In  the  winter  of  1890-91,  when  the  temperature  varied 
between  -  10^  C.  and  -  30^  C.  (14^  to  -  4*^  F.)  and  the  water-surface 
was  10  feet  8  inches  below  the  normal  level,  seven  rercical  cracks  appeared 
in  the  dam,  situated  at  uniform  distances  of  about  100  feet  apart  They 
were  widest  at  the  top,  and  died  out  aboat  37  feet  below  the  normal  water- 
leveL  Their  aggregate  breadth  was  2-J  inches.  The  cracks  gradually  closed 
as  the  temperature  rose,  and  by  the  end  of  February,  1891,  four  of  them 
had  completely  vanished,  while  the  others  bad  perceptibly  contracted p" 

It  has  been  the  observation  of  the  writer  that  all  carved  dams  are  free 
from  cracks,  but  that  straight  reservoir  walls  are  quite  certain  to  crack. 
The  tendency  of  the  water-pressure  is  to  close  any  cracks  that  may  appear 
where  the  dam  is  curved,  and  a  curved  dam  is  able  to  take  up  the  move- 
ment dne  to  temperature,  without  cracking,  even  though  the  pressure  may 
not  cause  the  arch  to  come  in  action*  The  inference  is  that  every  masonry 
dam  should  be  built  in  the  form  of  an  arch,  whatever  its  profile  may  be, 
for  the  avoidance  of  temperatare  cracks. 

Mr.  H.  M,  Wilson  says  r  *  **  An  additional  advantage  of  the  arched  form 
of  dam  is  that  the  pressure  of  the  water  on  the  back  of  the  arch  is  perpen- 
dicular to  the  up-stream  face,  and  is  decomposed  into  two  components,  on© 
perpendicular  to  the  span  of  tlie  arch  and  the  other  parallel  to  it.  The 
first  is  resisted  by  the  gravity  and  arch  stability,  and  the  second  thrusts  the 
np-stream  face  into  compression,  which  has  a  tendency  to  close  all  vertical 
cracks  and  to  consolidate  the  masoury  transversely.  An  excellent  manner 
in  which  to  increase  the  efiiciancy  of  the  arch  action  in  a  curved  dam  is 
that  employed  in  the  Sweetwater  dam.  This  consists  in  reducing  the 
radius  of  curvature  from  the  center  towards  the  abutments*  The  good 
effect  of  this  id  to  widen  the  hmB  or  spring  of  the  arch  at  the  abutments, 
thus  giving  a  broa^ler  bearing  for  the  arch  on  the  hillsides.  The  etfect  of 
this  is  seen  in  projections  or  rectangnlar  offsets  made  on  the  down-stream 
face  of  the  dam,  the  center  sloping  evenly,  while  the  surface  ie  broken  by 

*  Manual  of  Irrfgntloti  Engineenng,  pp.  300,  B&l. 
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flteps  when  it  abuts  against  the  hillside,  .  .  •  Thou^  the  croaa-seetioa 
of  a  curved  dam  may  unquestionably  be  somewhat  reduced,  it  would  be 
tmnfe  to  reduce  it  as  much  as  has  been  done  in  the  case  of  the  Bear 
Valley  and  Zola  dams,  thou^  these  have  withstood  securely  the  pressures 
brou^t  against  them.  It  might  with  safety  be  reduced  to  the  dimen- 
sions  of  the  Sweetwater  dam,  thus  sa\ing  largely  in  the  amount  of  mate- 
rial employed." 

In  recent  years  a  number  of  independent  investigations  have 
been  made  by  engineers  in  different  parts  of  the  world  in  the 
attempt  to  determine  by  experiments  with  models  of  dams  made 
of  various  materiab  the  character  and  distribution  of  the  stresses 
on  masonry  dams.  In  1904  Mr.  L.  \V.  Atcherley,  Stud.  Inst.  C.  E., 
assisted  by  Karl  Pearson,  F.R.S.,*  prepared  two  model  dams  of  a 
fairly  heavy  wood  cut  to  the  profile  which  had  been  used  in  an  actual 
construction  of  a  dam  considered  to  be  mathematically  correct  in  its 
lines. 

In  one  case  the  model  was  divided  into  a  series  of  horizontal  strata 
-and  in  the  second  case  into  a  series  of  vertical  strata.  In  the  first  case 
the  pull  representing  the  water  pressure  was  communicated  by  a  cord 
to  a  stiff  lath  which  bore  on  the  ends  of  the  horizontal  strata  throu^ 
two  longitudinal  strips  of  india-rubber  tube;  the  attachment  of  the 
cord  being  one-third  up  the  lath  and  the  cord  adjusted  to  pull  in  a  direo- 
tion  perpendicular  to  the  front  of  the  model,  so  that  the  resultant  force 
was  apfdied  at  a  point  corresponding  to  the  center  of  pressure  of  the 
irater.  In  the  case  of  the  model  stratified  vertically,  much  the  same 
arrangement  was  adopted,  except  that  the  pull  of  the  cord  was  appUed 
directly  to  the  first  vertical  stratum,  which  included  the  battered  front. 
The  angle  of  friction  of  the  wood  strips  on  each  other  varied  from  25** 
to  30°,  and  a  shearing  strength  more  nearly  corresponding  to  the  masonrj" 
-was  obtained  by  pasting  tissue  paper  round  the  battered  fronts  and 
curved  flanks  of  the  models. 

The  weight  of  a  section  one  foot  wide  of  the  dam  from  which  these 
models  were  reproduced  was  505.000  pounds,  and  the  corresponding 
water  pressure  312,500  pounds.  The  weight  of  the  horizontally  stratified 
model  was  12.40  pounds  and  of  the  vertically  stratified  model  was  13.85 
pounds.  The  corresponding  value  for  the  pulls  representing  the  water 
pressure  would  therefore  be  7.70  pounds  and  8.57  pounds  respectively. 
Trusting  merely  to  the  friction  of  the  wckkI  on  wood,  the  model  made 
up  of  horizontal  layers  slid  on  its  base  at  5.70  pounds  pressure,  and  the 
one  vertically  stratified  opened  up  at  the  third  section  from  the  tail 

*  Vide  a  monograph  "On  some  Disregarded  Points  in  the  Stabflity  of  Maaonry 
Dams,"  DrapwB  Company  Research  Memoir.    London,  1904. 
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or  up-stream  toe^  and  then  the  whole  thing  sheared  with  a  pressure  of 
only  three  pounds.  When  the  inodek  were  strengthened  for  shearing 
resistance  by  tissue  paper,  as  d^cribed^  the  respective  pulls  cor- 
responding to  the  water  pressure  before  collapse  were  6-5  and  4.2 
pounds. 

The  conclusions  drawn  from  these  experiments  were  that  a  dam 
collapses  first  by  the  tension  on  the  vertical  sections  of  the  up-stream 
toe;  that  shearini;  of  the  vertical  sections  over  each  other  follows  imme- 
diately on  this  opening  up  by  tension,  and  that  the  shear  on  the  horizontal 
sections  is  also  a  far  more  important  tnatter  than  was  generally  supposed. 
In  the  case  cited  from  which  the  modeb  were  prepareii  there  probably 
exist  considerable  tensions  in  the  masonry  amounting  to  3  or  4  tons 
per  square  foot. 

la  commenting  on  these  experiments  in  a  commendatoiy  way,  Sir 
Benj.  Baker,  KC.B,,  Fast  President  Inst.  C.  E*,  described  experiments 
he  had  made  with  models  of  dams  made  of  jelly  with  horizontal  and 
vertical  lines  drawn  upon  the  side  to  show  the  location  of  distortion 
produced  by  applying  pressure.  These  indicated  that  the  elastic 
deformation  of  the  dam  was  transmitted  into  the  rock  on  whii-h 
it  was  resting  for  a  distance  equal  to  half  the  height  of  the  dam 
before  it  became  undetectable.  In  discussing  the  paper  of  Charles 
S.  R.  Palmer,  M*  Inst,  C.  E*,  on  the  Coolgardie  Water  Supply,  in 
which  the  construction  of  the  Helena  River  dam  is  described,*  Sir 
Benjamin  Baker  refers  to  experiments  he  had  made  with  a  number 
of  stiff  jelly  models  of  the  Assouan  dam,  with  a  view  to  determining 
some  of  the  problems  involved  in  the  contemplated  increase  of  height 
of  the  dam.  He  did  not  agree  entirely  with  the  conclusions  reached 
by  Messrs.  Atcherley  and  Pearson.  He  concluded  his  discussion  by 
saying: 

"The  result  of  experience  so  far  with  thermometers  buried  in  the 
masonry  of  dams  confirmed  the  common  sense  view  that  the  different 
portions  of  masonry  built  during  the  year  at  varying  temperatures  settled 
down  finally  to  uniform  temperature  in  the  interior  of  the  dam,  while 
the  face- work  was  affected  even  by  diurnal  changes;  so  that  internal 
strains  exist  in  a  dam  as  in  a  large  unannealed  casting.  WTiatever 
theory  mathematicians  might  evolve,  engineers  would  not  be  reUeved 
from  the  obligation  to  use  no  material  for  dams  which  would  not 
stand,  say  50  tons  per  square  foot  in  compression  and  10  tons  per 
square  foot  in  tension  without  splintering,  and  in  some  cases  concrete 
dams  might  probably  with  advantage  be  partially  reinforced  with  steel 
bars/' 
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More  recently,  in  1905,  experiznentB  have  been  made  on  stresseB  in 
dams  by  means  of  India-rubber  models,  by  John  Sigismund  Wilson  and 
William  Gore,  Assoc.  M.  M.  Inst.  C.  E.,  who  exhibited  their  model  at 
the  Institution  in  July  of  that  year.  A  series  of  weights  hung  to 
the  base  of  the  model  represented  gravity,  and  other  weights 
suspended  from  cords  passing  over  pulleys  and  leading  to  bearings 
on  the  up-stream  face  represented  water  pressure.  The  models  were 
made  to  represent  dams  with  125  feet  of  water  against  them  and 
having  a  top  width  of  8  feet,  at  a  height  of  4.5  feet  above  the  flow 
line. 

These  experimenters  confirmed  Messrs.  Atcherley  and  Pearson  in 
finding  tensile  stresses  in  the  up-stream  toe  of  the  dam,  notwith- 
standing that  they  were  designed  with  the  lines  of  pressure  well  within 
the  middle  third,  and  conclude  that  to  eliminate  tensile  strains  it 
is  desirable  to  either  give  greater  super-elevation,  wider  top  width, 
or  make  the  upstream  face  vertical,  so  as  to  bring  the  center  of 
gravity  nearer  to  the  wetted  face,  or  to  increase  the  section  mater- 
ially and  back  the  dam  with  an  embankment  of  earth  on  the  reservoir 
side. 

Experiments  with  models  of  dams  made  of  "plasticine,"  a  kind 
of  modelling  clay,  were  recently  made  by  Sir  John  W.  Ottley,  K.C.I.E., 
M.  Inst.  C.  E.,  and  Arthur  W.  Brightmore,  D.  Sc,  M.  Inst.  C.  E.  The 
model  was  30  inches  high,  with  a  base  of  26  inches  and  a  length  of  12 
inches.  It  was  moulded  in  a  frame  with  plate-glass  sides,  which  were 
ruled  vertically  and  horizontally  with  lines  scratched  on  both  the  glass 
and  the  plasticine,  and  made  to  coincide.  Slight  clearance  was  given 
between  the  glass  and  the  model,  so  that  there  was  no  lateral  friction 
to  support  the  clay.  Actual  water  pressure  was  applied  through  a  thin 
rubber  bag  made  to  fit  the  face  of  the  dam. 

The  results  of  these  experiments  will  shortly  be  published  in  the 
Proceedings  Inst.  C.  E.,  but  it  may  be  stated  that  they  confirm  in  a 
general  way  the  conclusions  reached  by  the  experiments  ^\^th  rubber 
models. 

These  various  investigations  serve  to  emphasize  the  fact  that  the 
engineering  profession  is  not  fully  satisfied  with  the  profile  types  of 
dams  as  they  have  been  evolved  by  previous  mathematical  compu- 
tation, but  is  still  striving  to  reach  a  more  conclusive  and  satisfactory 
solution  of  the  intricate  and  indeterminate  problems  of  the  stresses 
on  masonry  dams.  Meanwhile  the  ultra  conservative  ones  pile  up 
masses  of  materials  to  greater  and  greater  volumes,  and  a  few  of  the 
bolder  ones  build  daring  structures  that  appear  to  defy  all  theories  of 
stabiUty. 
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Old  Mifiaion  Bam,  San  Diego,  CaL — The  first  masoDrj  dam  bnilt  in 

Calif ornia  of  which  there  ia  any  record  was  erected  in  1770  by  the  Jesuit 
Mission  Fathers.  It  was  constracted  across  the  San  Diego  BiTer,  13  miieB 
above  its  mouth,  at  the  lower  end  of  El  Cajon  Valley,  where  the  stream 
cuts  through  a  dike  of  porphyry.  It  was  built  for  impounding  and  diverting 
water  for  irrigatjon  and  domestic  use  at  the  San  Diego  mi^sioo  4  miles 
below.  It  was  244  feet  in  length,  13  feet  in  thickne^B,  and  aboat  15  to  18 
feet  high.  Fig.  149  is  a  recent  photograph  of  the  old  dam  in  its  present 
condition,  half  buried  in  trees  and  driftwood.  The  Tiew  is  taken  below  the 
main  o u tie t-sl nice,  Tl*e  water  was  conveyed  to  the  mission  through  an 
open  masonry  conduit,  lined  with  semicircular  tile  or  half -pipes.  The 
cement  naed  in  the  dam  was  made  from  limestone  possessing  hydraulic 
properties,  quarried  near  the  dam.  The  dam,  though  sdll  in  existence,  has 
been  disused  for  half  a  century  past.  It  shows  evidence  of  having  been 
damaged  by  floods  and  repaired  at  various  times.  The  manual  labor  of 
construction  was  done  by  Indians,  of  wliom  no  less  than  1000  neophytes 
were  at  one  time  supported  at  the  mission.  Considering  the  quality  of  the 
materials  and  labor  available,  and  the  torrential  nature  of  the  river,  which 
it  has  resisted,  as  evidenced  in  the  photograph  by  the  driftwood  piled  np 
against  it,  t!je  masonry  ia  of  excellent  grade. 

El  Molino  Dam.^ — A  few  years  after  the  erection  of  the  Old  Mission  dam 
of  San  Diego  the  Jesuit  Fathers  constructed  a  masonry  wall  of  similar  size 
abont  10  miles  east  of  Los  Angeles,  the  purpose  of  which  was  to  control 
and  raise  the  level  of  a  natural  lake  and  impound  it  for  use  in  irrigation  at 
the  Mission  San  Gabriel.  The  dam  is  located  on  what  is  now  known  as  El 
Molino  rancho,  the  name  being  derived  from  the  fact  that  the  priests  here 
bnilt  a  mill,  whose  massive  walls  are  still  intact,  for  grinding  corn  and 
wheat,  the  power  for  which  was  derived  from  water  gathered  from  springs 
that  issued  from  the  hillside  and  fed  the  lake.  The  mill  was  a  little  above 
the  level  of  the  crest  of  the  dam,  and  the  water  from  the  wheels  flowed  into 
the  i^servoir,  where  it  was  caught  for  use  in  the  Talley  below.  The  dam 
was  straight  in  plan,  about  200  feet  long,  and  15  feet  high  at  the  center. 
The  masonrj"  is  of  superior  character  and  is  still  in  perfect  state  of 
preservation^  although   it  has  not  been  in  service  as  a  dam  for  many 

The  Sweetwater  Dam.— This  structure  is  located  in  the  Sweetwater 
River,  7  mife  above  the  mouth  of  the  stream  and  12mil^  southeast  of  the 
city  of  San  Diego^  Cahfornia,  and  was  built  in  1887-SS  by  the  San  Diego 
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Land  and  Town  Company  to  impound  water  lor  the  irrigation  of  lamis 
bordering  on  the  bay  of  Saa  Diego  and  for  tlie  domeetiD  snpply  of  National 
City,  The  Sweetwater,  like  all  the  so-called  rivers  of  San  Diego  Couoty 
that  empty  into  the  Pacilic  Ocean,  ts  a  torrential  stream,  subject  to  violent 
floods  in  seasons  of  abundant  rains,  and  dwindling  to  a  diminutive  brook 
within  a  few  weeks  or  months  after  the  rain  ceases.  During  the  summer 
and  fall  it  ceases  to  flow,  and  on  oecasional  years  of  low  rainfall  the  rnn-oS 
even  in  winter  19  practically  nothing,  so  that  it  was  essential  to  proviOe 
storage  for  at  least  two  years*  supply  lor  the  territory  depending  upon  it. 
Prior  to  the  beginning  of  work  nothijig  was  known  of  the  probable  nin-oil 
to  be  expected  J  further  than  that  the  watershed  area  of  180  square  miles, 
having  an  extreme  eletation  of  abotit  6000  feet^  would  probably  receive  a 
precipitation  Tery  greatly  in  excess  of  the  recorded  rainfall  at  San  Diego, 
where  the  record  has  been  maintaiued  for  nearly  forty  years,  and  that 
judging  by  this  record  the  run-off  from  such  a  watershed  should  give  an 
average  supply  adequate  to  the  needs  of  the  community  to  be  provided, 
with  a  storage  capacity  of  two  j ears'  snpply  in  the  reservoir,  Subaeqnent 
experience  has  ehown  that  the  fluctuation  in  run-off  has  ranged  from  prac- 
tically nothing  for  three  consecutive  years  to  70,000  acre-feet  in  one  year, 
or  nearly  four  times  the  reservoir  capacity,  per  annum.  At  the  time  the 
construction  of  the  dam  was  begun  in  November,  1S8G,  an  active  land 
"  boom  "  was  in  progiess  in  southern  California,  and  the  San  Diego  Land 
and  Town  Company,  owning  a  large  area  of  fertile  lands,  found  them 
unsalable  without  water.  It  was  essential,  therefore,  to  obtain  a  certain 
portion  of  the  supply  quickly  in  order  to  market  the  laruls.  The  dam  was 
thus  necessarily  planned  without  the  usual  preliminary  studies  of  its 
capacity  for  storage,  or  the  volume  of  supply  which  would  be  required  or 
could  be  made  available. 

As  originally  designed,  the  dam  was  to  be  a  elcnder  masonry  or  concrete 
structure,  fashioned  after  the  Bear  Valley  dam  by  the  same  engineer  who 
built  the  latter,  and  was  to  be  bnt  10  feet  thick  at  base,  3  fe^t  at  top,  and 
50  feet  high,  backed  on  the  water-face  by  an  embankment  ^f  quicksand. 
When  the  wall  had  reached  a  height  of  15  to  *^0  feet  at  the  highest  part,  at 
an  expenditure  of  $35,000,  and  its  outline  and  design  were  fully  realized  by 
the  management,  the  plan  was  disapproved  and  the  author  was 
engaged  to  construct  a  more  substantial  work  on  the  same  site,  utilizing 
the  masonry  already  in  place.  The  new  plan  was  drawn  to  have  an 
extreme  height  of  60  feet,  and  the  new  work  enveloped  the  old.  This 
structure  is  shown  nearly  complete  in  Fig,  150,  and  its  profile  is 
shown  in  dotted  lines  in  the  middle  section  on  Fig.  I5L  It  was  built 
in  stepr^  on  the  back  with  a  view  to  adding  to  its  height,  as  w^as 
subsequently  done.    The  dam  had  a  maximum  thickness  of  35  feet  at 
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?io.  151. — Elevation  and  Sections  of  Sweetwater  Dam. 


mmt  of  cby  •od  gmird  50  feet  wid^  lOlo  ttfc^H 
the  upper  eide  end  well  Umped  in  plne&    A  fHliea 


I'm*   Ifty.*  I'  V  1^1  i.r  Hwr.ri^ATFii  Dam  in  1899.    Ame  Two  TeuM  ev  : 

ifinnl.   liliifvi*   till'   wiitfT  litK>   is  Rhr)wn  in  Fig.  152|  e  view  teken  utiift 
aiiiHifiini  tit  lH!ri  wlii'fi  iho  roflprvoir  waa  praotioally  empty. 

Hlioi-lly  lihfiiro  MiH  (*nni|)lf*linn  of  the  60-foot  dam  antteritywee  gfna 
tut  iu  nkLifiiNlfiM  l,n  !Mi  TiM^t  in  height,  on  the  recommendation  «( Ihe  wvBv^ 
whiNtn  MHivnyn  hfi<l  rfVHilod  the  fiirt  that  the  reservoir  oapeiMrf  eonld  to 
incniuMiiil  iiiwiily  livi>riil'l  hy  mr\\  addition  of  30  feet  to  the  beigfat.  Aeoord* 
inf<ly  iijiriiviiiMiii  wfiH  n*tM<wod  iit.  thr*  h)wer  Hide  for  an  extension  of  thewidtib 
of  thit  IfiiHii,  iihd  wnrii  |irnrcpdod  on  the  final  plan  withont  interraption 
until  thH  ooniphd.irMi  nf  thi-  «»ptiro  .^trnctnre  in  April,  1888.  Tbeconafcrae- 
iion  ofsniijiind  Hixt,miii  rnnntlM  in  all,  inclndinji:  two  months  of  waiting  for 
oenifMit.  Tlio  prollin  iidoiitnd  is  shown  in  Fi^.  151.  As  finished  the  dimoA- 
aioiiH  wurif  tht*  following: 

lionKth  on  top 38O  feet 

**        lit  hani* 250   " 

I'hickncKH  at  hnw* 45  *• 

"     "  top !;!!!!'!!;;;!!!  12  " 

Jloi^^ht  on  npiM!r  side  oxrliisive  of  parapet 90  " 

Height  on  lower  side gg   " 

I{adias  of  arch 222  ** 
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The  np-stream  face  has  a  batter  of  1  to  6  from  base  to  within  6  feet  of 
top;  thence  vertical.  The  lower  slope  has  a  batter  of  1  in  3  for  28  feet, 
then  1  in  4  for  32  feet,  and  thence  1  in  6  to  the  coping. 

Water  is  drawn  from  the  reservoir  throagh  a  tower  of  hexagonal  form, 
placed  50  feet  above  the  dam,  near  the  center  (see  Fig.  153),  and  connected 
i^iih  the  dam  by  a  foot-bridge  of  iron  (see  Fig.   154). 

It  has  seven  inlet-valves  which  are  placed  at  intervals  of  10  feet  in 
height  from  the  top  down.  Two  cast-iron  outlet-pipes,  18  and  14  inches 
diameter  respectively,  lead  from  the  tower  to  and  throogh  the  dam.  They 
lie  in  a  trench  cnt  in  the  bed-rock,  and  on  top  of  them  is  built  a  masonry 
condnit  from  the  tower  to  the  dam,  connecting  with  a  third  pipe,  jF6  inches 
diameter,  of  riveted  wroaght  iron,  ^  inch  thick.  All  are  carefally 
embedded  in  the  masonry  of  the  dam,  and  no  leakage  has  ever  taken  place 
along  them.  Gate-valves  control  their  flow  below  the  dam.  The  tower 
valves  are  simple  plates  of  cast  iron  fitting  over  elbows  set  in  the  masonry 
of  ihe  tower,  and  can  only  be  moved  when  the  lower  gates  are  closed. 

The  stone  nsed  in  coustraction  was  quarried  from  the  cliffs  on  either 
side  below  the  dam,  within  a  distance  of  800  feet,  and  was  all  hauled  in 
wagons  and  stone-boats.  Animal  power  was  alone  used  for  manipulating  the 
derricks  in  the  quarry  and  on  the  dam,  as  well  as  for  mixing  concrete. 
The  stone  was  a  blue  and  gray  porphyry  impregnated  with  iron,  weighing 
175  to  200  pounds  per  cubic  foot.  It  quarried  out  with  irregular  cleavage, 
but  generally  presented  one  or  two  fairly  good  faces.  The  seams  in  the 
rock  contained  plastic  red  clay  to  such  an  extent  that  it  was  necessary  to 
wash  and  scrub  by  hand  every  stone  that  went  into  the  dam  with  good  steel 
and  fiber  brushes.  Imported  English  and  German  cement  was  used 
throughout  the  work,  mixed  with  clean,  sharp  river  sand  in  a  revolving 
sqaare  box  of  wood,  with  a  hollow  shaft  passing  through  two  diagonally 
opposite  corners,  through  which  the  water  was  introduced.  The  masonry 
weighed  when  tested  164  pounds  per  cubic  foot. 

The  waste-weir  is  formed  at  the  left  bank  as  a  part  of  the  dam,  and  as 
first  built  consisted  of  seven  bays,  each  4  feet  in  clear  width,  closed  with 
fiash-boards,  which  could  be  opened  to  a  depth  of  5.7  feet  below  the  crest 
of  the  dam.  These  bays  were  separated  by  masonry  piers,  each  2  feet  in 
thickness.  This  wasteway  and  a  30-inch  blow-off  gate  from  the  main  pipe 
below  had  a  combined  capacity  of  1300  second-feet,  which  was  in  excess  of 
the  maximum  fiood  discharge  as  indicated  by  high-water  marks,  although  a 
subsequent  flood  exceeded  this  capacity  a  little  more  than  ten  times. 

The  volume  of  masonry  in  the  dam  proper,  including  the  parapet  3.5 
feet  high,  2  feet  thick,  was  19,269  cubic  yards.  The  wasteway,  inlet-tower, 
and  other  accessories  required  1238  cubic  yards  additional,  or  a  total  of 
20,507  cubic  yards  of  masonry,   in  which  were  used  17,562  barrels  of 
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I'lii.  \yji.  — Drtait.m  ok  Tower  of  Swketwateu  Ham. 
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Tbe  np^^timiii  fact  bis  a  butler  f>f  1  to  ^  from  hmm  to  wttliiti  ^  f«et  of 
lop;  ibeiiee  TwticiL     The  low#r  dop©  h«  m  bftit«r  of  I  ia  S  fior  t^  f**t, 

then  1  in  4  for  St  feeU  &tid  ibence  1  tn  t%  to  tW  copiog. 

WzLier  u  drmvn  from  the  rv^^rrotr  tkn>»gh  m  low«r  of  htziigotiAl  fonn« 
placed  50  feet  aboTo  the  dam,  near  tbo  eent^T  (^)C>^Fig.  l^)^  ami  €^>iitH^t<Hl 
vith  the  dain  br  a  foor^bridge  of  iron  {^lee  Fig*    \M). 

It  has  seren  iQlei-Talres  which  are  p]ac«d  at  interrmli  of  10  fi«t  ill 
height  fmm  the  top  down.  Two  ca&t*iroit  oat.let-|vi|iiia,  18  and  H  mehaa 
diameter  T^gpectirelj^  liad  from  tho  tower  to  aiul  thmiifirh  the  dam.  Tlttj 
lie  in  a  tretieh  tot  in  the  bed-rock,  and  on  top  of  them  is  buiU  a  masonr; 
ooiidciit  from  the  tower  to  the  dam^  connecting  with  a  third  pipe,  ^ti  iaebee 
diameter,  of  rireted  wrought  iron,  i  inch  thick.  All  are  care^toll; 
embedded  in  the  masonrr  of  the  darn,  and  no  le»k,ige  has  ewr  taken  place 
along  them.  Gate-Talt^  control  their  flow  below  the  dam.  The  lower 
¥m1ree  are  simple  plates  of  cast  iron  fitting  over  elbows  set  in  the  masiinr? 
of  the  tower«  axrd  can  only  be  moved  when  the  lower  gates  are  cloee^l. 

The  stone  used  in  eonstrnetion  was  qimrried  from  the  cliffi^  on  either 
side  below  the  dam,  within  a  distance  of  SiX^  feet,  and  wast  all  hiiuled  in 
wiigons  and  etone-boata.  Animal  i>owerwasidone  nsml  for  ntanipnlating  tlie 
derricks  in  the  qnarrj  and  on  the  datti»  as  well  as  for  mixing  <Hnicreti. 
The  stone  was  a  blue  and  gray  ix>rphyry  impregnated  with  iron,  weighing 
175  to  200  ponnds  per  cubic  foot.  It  qnarried  out  with  irregular  cleavage, 
but  generally  presented  one  or  two  f airier  good  faces.  The  eeama  in  the 
rock  oontaineil  plastic  rcii  clay  to  such  an  eitent  that  it  was  ncH^s*ary  to 
wash  and  scrab  by  hand  every  stone  tliut  went  into  tho  dam  with  good  steel 
and  fiber  brashes.  Imported  English  and  (ierniAu  cement  was  need 
thronghont  the  work,  mixed  with  clean,  sharp  river  sand  in  a  revolving 
sqaare  boi  of  wood,  with  a  hollow  shaft  paaaing  throngh  two  diagotmny 
opposite  corners,  through  which  the  water  was  introduced.  The  niaAourj 
weighed  when  tested  1(U  pounds  ]>er  cubic  foot 

The  waste-weir  is  formetl  at  tlie  left  baTtk  as  u  jiart  of  the  dam,  and  aa 
first  bnilt  consisted  of  seven  bays,  each  4  feet  in  clear  witlth,  closed  with 
flrtBh-boank,  which  conld  be  opened  to  a  dcptli  of  A,7  feet  below  the  crest 
of  the  dam.  These  bays  were  separated  by  masonry  piers,  each  *^  feet  in 
thickness-  This  waste  way  and  a  [U)-inch  blow-olT  gate  from  the  main  pipe 
below  had  a  combined  capacity  of  ISOO  secoiul-feet,  which  was  in  exceas  of 
the  maximnm  flood  discbarge  as  itidicated  by  high- water  marks^  although  a 
subsequent  flood  exceeded  this  capacity  a  little  more  than  ten  times. 

The  volume  of  masonry  in  the  dam  proper,  including  the  parapet  ^(,U 
feet  high,  2  feet  thick,  was  19,2*»9  cubic  yards.  The  wasteway,  inlet-tower, 
and  other  accessories  required  1258  cubic  yards  additional,  or  a  total  of 
^0,507  cubic  yards  of  masonry,    in   which   were  used  17,5G'^  barrels  of 
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Fig.  X'y'Ji. — Detatt.o  of  Toweb  of  Swketwater  Dam. 
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cement »  an  average  of  LIT  cubic  yanls  per  barrel.     The  total  cost  was 

$234,074.11,  divided  as  ioMovm' 

riant SC.23GJ6 

Materials  , ...-.,       H7,431,70 

Labor .,...,.. .     140,405X>5 

Total ,..,...,.,....,  5234,074.11 

The  reservoir  capacity  formed  by  the  dam  was  5,882,278,000  gallons 
or  18,053  acre-feet,  of  which  SO'7  i«  within  the  upi>er  30  feet»  and  40^^ 
in  the  last  10  feet.  The  area  covered  at  high-water  mark  wm  722  acres, 
of  which  300  acres  was  cleared  and  grubbed  at  a  cost  of  §10,808.46,  or 
about  S36  per  acre.     The  average  depth  of  the  reservoir  is  25  feet. 

Efdatfji'tnatL — On  the  17th  ami  18th  of  January,  1*S^>5,  the  Sweetwater 
dam  successfully  withstood  a  te^t  far  more  severe  than  is  usually  im- 
poE>ed  on  res^ervoir  walls  of  such  comparative! v  slender  tlimensions  (thanks 
to  the  painstaking  care  exercised  in  its  original  construction),  and  beyimd 
any  previous  calrulatioa  or  expectation.  On  those  date@  the  reser\'oir 
was  filled  to  overflowing  by  a  flood  resulting  from  a  rainfall  of  more 
than  6  inches  in  24  hours,  and  for  forty  hours  the  dam  was  submerged  to 
a  maximum  depth  of  22  inches  over  the  parapet  wall,  with  the  wasteway 
and  blow-off  gate  wide  open*  This  waa  B.o  feet  higher  than  the  water 
had  been  expected  to  rise  in  extreme  floods,  as  it  had  not  been  considered 
possible  for  the  crest  of  the  parapet  to  be  reached* 

A  gap  in  the  ridge  to  the  south  of  the  reservoir,  the  cr^t  of  whi<*h 
wa8  about  level  with  the  parapet,  carried  off  quite  a  large  adiiitionul 
volume  at  the  extreme  of  the  flood.  The  maximum  rate  of  discharge 
during  the  flood  was  carefully  computed  by  Mr.  H.  N*  Savage  from 
weir  measurement,  and  found  to  be  18,150  second- feet,  a  rate  of  discharge 
which  was  maintained  for  one  hour, 

This  extraordinary  freshet,  which  within  a  week  produced  a  run-off 
of  nearly  three  times  the  capacity  of  the  reservoir,  was  gratifying  in 
one  respect,  in  that  it  demonstrated  the  ability  of  the  dam  to  cope  with 
sucli  emergencies,  as  not  a  stone  of  the  masonry  was  disturbed  or  moved 
from  place,  although  so  much  damage  was  done  to  the  pipes  and  sur- 
roundings of  the  dam  as  to  necessitate  a  large  expenditure  in  repairs. 
The  water-supply  was  cut  off  from  consumers  for  more  than  a  month 
before  a  partial  restoration  could  be  made. 

Advantage  was  taken  of  the  opportunity  afforded  by  the  general 
repairs  to  make  a  material  enlargement  of  the  reservoir  capacity  by 
virtually  raising  the  permanent  high-water  level  to  the  point  it  had 
assumed  during  the  flood,  and  at  the  same  time  preparing  the  dam  for 
receiving  a  repetition  of  such  an  experience  by  enlarging  the  wasteway 
and  fortifying  the  weak  points  developed  by  the  flood* 
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The  freshet  caused  a  tremendous  erosion  of  the  bed-rock  on  either 
side  of  the  dam,  particularly  in  front  of  the  spillway  discharge,  where  the 
strata  were  inclined  at  about  the  proper  angle  to  enable  the  water  to 
strip  off  layer  after  layer  with  surprising  rapidity.  It  was  estimated  that 
no  less  than  10,000  cubic  yards  of  the  solid  rock  on  that  side  were  torn 
away  and  washed  down-stream,  and  some  2000  yards  from  the  opposite 
wall  of  the  canyon.  The  approach  of  a  disused  tunnel  below  the  spill- 
way, which  was  some  25  feet  long,  and  about  30  feet  of  the  tunnel  itself, 
in  solid  rock,  were  cut  ofT  and  the  surrounding  rock  washed  away.  This 
tunnel  had  been  opened  some  yeai*s  before  to  draw  down  the  reservoir,  in 
compliance  with  the  order  of  the  United  States  Circuit  Court,  in  the 
famous  litigation  over  the  condemnation  of  lands  in  the  reservoir-basin, 
and  terminated  directly  in  front  of  the  spillway  channel.  The  bombard 
ment  of  the  stones  rolled  down  the  canyon  during  the  flood  uopn  the  pipe- 
line resting  on  one  side  and  covered  with  masonry,  destroyed  it  for  a  con- 
siderable distance  down-stream,  as  well  as  the  railway  track  leading  to 
the  dam. 

The  repairs  to  the  dam,  and  the  general  improvements  designed,  were 
completed  in  ihe  summer  following  at  a  cost  of  830,000,  under  the  capable 
direction  of  H.  X.  Savage,  chief  engineer,  the  author  acting  as  consulting 
engineer  during  its  progress.     The  alterations  made  were  the  following: 

1.  The  parapet  of  the  dam  was  raised  2  feet  and  strengthened,  so  as 
to  permit  of  permanently  holding  the  water  in  the  reservoir  as  high  as 
its  crest,  leaving  200  feet  in  the  center  as  a  weir,  2  feet  deep.  This  weir 
was  arranged  with  cast-iron  frames  carrying  flashboards,  to  be  removed 
in  extreme  floods,  as  shown  in  Fig.  157. 

2.  The  spillway  was  extended  in  length  by  adding  four  more  bays, 
each  5  feet  wide,  and  carryin";  all  the  bays  up  to  the  level  of  the  new  crest 
of  the  dam,  giving  it  a  maximum  depth  of  11.2  feet  and  a  discharging 
capacity  of  5500  second  feet. 

3.  The  unused  tunnel.  8  by  12  feet  in  size,  the  bottom  of  which  at  the 
head  is  50  feet  below  high-water  mark,  was  adapted  for  use  as  an  additional 
spillway  discharge,  by  laying  four  pipes  through  it  on  a  V\  grade,  two  of 
which  are  36  inches  and  two  30  inches  in  diameter,  all  arranged  with  valve 
covers  over  ell)ows  at  their  upper  ends,  where  a  shaft,  reaching  to  the  sur- 
face on  the  line  of  the  dam,  gives  means  of  control  (see  Figs.  150,  160,  and 
161).  Further  control  is  had  by  gate-valves  set  in  the  pipes  directly  below 
the  masonry  bulkhead  l)uilt  across  the  tunnel  at  the  shaft,  all  the  pipes 
passing  through  this  l)ulkhead.  In  the  summer  of  1899,  when  the  reservoir 
was  empty,  the  head  of  this  tunnel  was  protected  by  a  concrete  portal  with 
an  inclined  grillage  of  iron  rails  to  keep  out  drift,  as  shown  in  Fig.  161. 

4.  The  eroded  rock  slope  below  the  wasteway  after  being  made  uniform 
was  covered  with  a  grillage  of  iron  rails  embedded  in  concrete,  which  has  a 
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6.  The  main  supply-pipe  was  replaced  th?0Dgb  the  canyon  in  a  solid 
rock  cut  ii  portion  of  the  way,  and  protected  thronghout  the  canyon  by 
concrete  collars  and  covering  and  spnr  walla^  all  with  iron  rods  incorporated. 

At  the  same  time  a  new  steel  pipe-line,  24  inches  in  diameter,  which 
was  partly  laid  when  the  flood  ocrnrred^  wbb  completH  to  >Jitiorml  CUty  on 
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FiOp  163» — Sweetwater  Dam,  bbowtjio  Hcao  of  Outlet  Tunkel  aito  Spill waT- 

the  north  side  of  the  valley,  as  a  high-level  conduit  This  wn^  connected 
with  and  took  supply  from  one  of  the  30-indi-diameter  pipes  bnilt  in  the 
tunnel,  and  connected  with  the  original  distribntion  system  at  National 
City,  thus  giving  two  independent  conduits. 

The  effect  of  raising  the  parapet  wall  in  the  manner  described  has  been 
to  raise  the  height  of  the  reservoir  5.5  feet  and  increase  its  capacity  about 
S55^,  or  from  18,053  acre^feet  to  22,566  acre-feet  The  dam  having  shown 
its  ability  to  withstand  this  increased  pressure,  it  is  now  proposed  to  make 
this  addition  to  the  reservoir  a  permanent  feature  of  the  works. 

Concrete  was  nsed  in  all  the  new  work,  as  preferable  to  rubble  maaonry^ 
because  of  tho  greater  ease  with  which  all  the  materials  conld  be  liandled 
and  because  of  the  fact  that  the  work  could  be  performed  by  unskilled  labor 
under  intelligent  foremen.  The  concrete  was  mixed  with  a  rotary  Ransome 
mixer,  one  of  the  beat  machines  for  the  purpose  yet  tlevised.  A  a  team 
hoisting-engine  furnished  all  power  required  for  rock-crnahing,  actnatiiig 
the  mixer,  and  hoisting  the  concrete  to  the  top  of  the  dam,  where  it  was 
distributed  by  wheelbarrows.  Old  rails  and  scrap  bar-iron  of  all  sizes  were 
embedtled  in  the  concrete  wherever  it  would  add  desired  reinforcement  to 
the  strength,  aa  in  the  6-iuch  floors  of  concrete  forming  the  foot-bridge 
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over  the  wasteway,  spanning  the  o-foot  spaces  between  piers;  in  the  roof  of 
the  gate-house  over  the  shaft  in  the  tunnel  from  which  the  heavy  gates  are 
suspended,  and  in  the  floor  of  the  house;  in  the  curved  wall  forming  the 
auxiliary  water-cushion  dam,  which  is  10  to  15  feet  high,  and  but  18  inches 
thick,  and  in  the  inclined  apron  of  the  wasteway.  This  construction  is 
quite  satisfactory,  and  shows  no  cracks  anywhere.  The  rates  of  expansion 
and  contraction  of  iron  and  concrete  under  changes  of  temperature  are 
practically  identical,  and  no  separation  of  the  two  elements  can  occur  by 
fiuch  changes. 

There  are  no  visible  evidences  of  cracks  in  any  of  the  masonry  of  the 
dam,  nor  any  indications  of  a  tendency  towards  crushing  at  the  toe  of  the 
dam.  This  may  be  due  to  the  fact  that  the  stone  is  extremely  hard  and 
strong,  and  the  mortar  of  prime  quality.  It  may  be  further  owing  to  the 
fact  that  arch  action  has  resisted  pressure  from  the  top  down  to  some 
neutral  point  where  gravity  alone  suffices.  There  have  never  been  any 
spouting  leaks  to  indicate  the  transmission  of  an  upward  pressure  upon  the 
masonry  of  the  slightest  moment.  The  leakage  through  the  wall  was  never 
of  considerable  amount,  and  has  steadily  diminished,  so  that  when  full  the 
wall  is  practically  dry  over  most  of  its  outer  face. 

This  leakage  was  reduced  in  amount  in  1890  by  carefully  repointing  the 
inside  face  as  far  down  as  the  water  was  lowered  in  the  reservoir,  about  60 
feet  below  the  top,  and  applying  successive  washes  of  potash-soap  and  alum- 
water  alternating. 

Protracted  litigation  followed  the  building  of  the  Sweetwater  dam,  over 
the  attempted  condemnation  of  a  tract  of  about  300  acres  of  land  at  the 
upper  end  of  the  reservoir-basin,  submerged  by  the  impounded  water.  The 
land  was  comparatively  valueless  for  agricultural  purposes,  but  a  jury  gave 
an  exorbitant  judgment  of  its  value  on  testimony  erroneously  admitted  as  to 
its  special  adaptability  for  reservoir  purposes.  This  litigation  lasted  several 
years  and  was  finally  compromised,  but  the  elTect  of  it  was  quite  disastrous 
to  the  progress  of  the  country  depending  upon  it  for  irrigation.  During  the 
progress  of  this  litigation  a  tunnel,  heretofore  referred  to,  was  opened 
around  the  south  end  of  the  dam,  at  the  level  of  25  feet  above  the  lowest 
outlet,  by  means  of  which  the  flooding  of  the  land  could  be  avoided.  In 
obedience  to  an  order  of  the  United  States  Circuit  Court  the  reservoir, 
which  had  been  filled,  was  ordered  emptied,  and  an  enormous  volume  of 
water  was  thus  wasted  at  a  time  when  it  was  greatly  needed  for  irrigation. 

Including  the  period  of  retarded  growth  during  the  progress  of  litigation 
the  dam  has  been  in  service  for  thirteen  irrigation  seasons,  during  which 
time  the  impounded  water  has  created  values  aggregating  several  millions 
of  dollars,  reckoning  all  improvements  made  in  the  district  directly 
dependent  upon  it  for  water-supply.  The  area  irrigated  from  it  is  now 
4580  acres,  chiefly  planted  to  citrus  fruits,  of  which  the  greater  part  is 
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devoted  to  lemons,  A  population  of  2500  to  3000  people  is  dependent 
upon  the  reaenroir  (or  domestic  water*  The  distributioD  for  irrigation  aa 
well  as  for  domestic  use  is  entirely  bj  pressure-pipes,  and  the  agricnitaral 
commnnity  is  as  well  equipped  for  fire-preseure  and  general  water-supply  aa 
the  average  American  city.  AU  water  for  irrigation^  and  practically  al! 
domestic  water,  is  measured  hy  standard  water-metera.  The  pipe  system 
has  cost  in  the  aggregate  some  %800,000. 

Hun-off  of  Sweetwater  Eiver.— The  area  of  watershed  above  the  Sweet- 
water dam  is  180  square  miles,  ranging  in  elevation  from  220  feet  above 
sea-level,  which  is  the  elevation  of  the  top  of  the  dam,  to  about  5500  feet 
At  the  summit  of  the  mountain -range  in  which  it  heads.  The  mean  eleva- 
tion of  the  basin  is  probably  about  2200  feet.  There  is  practically  no 
diversion  of  the  stream  above  the  reservoir,  and  no  utilization  of  its  water 
other  than  that  of  the  dam,  Hence  the  catchment  at  the  reaerroir  repre- 
aenta  the  entire  rna-off  of  the  shed.  A  careful  record  of  this  ran-off  has 
been  kept  since  the  construction  of  the  dam.  Its  extremely  Tariable 
character  is  shown  by  the  following  table: 

Table  of  Measitred  Rim-oiT,  Sweetwater  DRAiNAGG-BASrN, 

Area  1S6  si^uare  miles. 
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0,891.6 

0.0512 

9.52 
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15.55 
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15.52 

35,000           1 
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190.40 
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Mean  for  20  yrs. 

9.52 

12,982-7 

0.0964 

17.93 

The  average  annual  nin-off  for  twenty  years  has  been  69:8  acre-feet 
per  square  mile  of  watershed  area,  while  the  maximum  has  been  395 
acre-feet  per  square  mile. 

Of  the  entire  period  of  twenty  years  recorded  the  run-off  has  exceeded 
the  capacity  of  the  reservoir  in  but  four  seasons*  The  remaining  sixteen 
seasons  have  been  go  far  below  tthe  fulUreservoir  capacity  in  yield  of  stream- 
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character  of  a  coosiderable  part  of  the  draioage-basiD.     The  meaD  rainfall 

of  1894-95  was  estimated  at  27.14  inches,  of  which  the  rnn-off  was  but 
^6^.  The  following  year,  with  an  6Btimatad  mean  rainfall  of  16  inches  the 
run-off  was  but  SLX-tenths  of  1^,  Thk  illaBtrates  the  great  yanatioii  ti> 
which  such  fitreams  are  subject.  When  the  rainfall  ia  the  lower  two-thirds 
af  the  basin  does  not  exceed  12  inches  it  is  all  absorbed  in  plant-growth  and 
evaporation  from  the  soil  and  does  not  feed  the  stream  except  when  it  comes 
in  violetit  storms.  Under  such  conditions  the  npper  third  of  the  baslo 
supplies  all  the  run-off,  and  if  that  portion  does  not  receive  more  than  18 
to  20  inches,  the  stream-flow  is  very  small  and  of  short  duration*  The 
record  of  catchment  at  the  Cuyamaca  reservoir,  whose  watershed  is  all  on 
the  mountain-top  from  4B0O  to  6500  feet  in  elevation,  adjoiuing  the  upper 
portion  of  the  Sweetwater  shed,  clearly  shows  that  the  larger  part  of  the 
run-off  of  all  of  these  coast  streams  must  orditianly  come  from  ihe  higher 
mountains,  and  illustratea  tbe  value  of  elevation  in  any  shed  for  parposes 
of  yielding  run-off  for  reservoirs. 

The  precipitation  and  catchment  record  kept  at  the  Cuyamaca  dam 
from  188S  to  189G  shows  that  the  drainage-basin  of  11  square  miles  gave  an 
arerage  yield  of  4D1  acre-feet  of  water  per  square  mile,  white  the  mean  of 
the  Sweetwater  during  the  same  period  was  100  acre-feet  per  square  mile, 
or  about  one-flfth  that  of  the  Cuyamaca* 

Since  the  great  flood  of  January,  1895,  the  Sweetwater  system  to  and 
inclutling  1S99  had  not  experienced  a  season  of  sufficient  run-off  to  fill  the 
reservoir,  and  had  endured  practically  four  years  of  continuous  drouth^  as 
the  entire  catchment  in  these  four  seasons  was  8,034  acre-feet,  or  36j^  of 
the  reservoir  capacity.  As  a  result  tlie  reservoir  was  drained  to  the  bottom 
early  in  1899,  and  it  became  necessary  for  the  company  to  develop  and  put 
in  operation  an  entirely  new  and  independent  supply  for  the  preservation 
of  the  orchards.  Two  iudependent  gasoHne-engine,  centrifugal -pump 
pumping-plants  were  established  in  the  bed  of  the  reservoir  about  1^ 
miles  above  the  dam,  by  which  water  was  drawn  from  35  small  wells  put 
down  iu  the  shallow  sand  and  gravel*bed^  the  water  there  stored  in  the 
Bubterranean  voids  was  thus  made  to  yield  a  cons  taut  flow  of  about 
1  second-foot.  This  was  conducted  in  a  flume  to  the  dani>  and  there 
admitted  to  the  tower  and  the  distributing  system.  The  pumping  was 
done  With  gasoline-engines,  the  lift  being  about  18  feet*  Iu  the  vallej 
below  the  dam  three  substantial  pumping-stations  were  installed,  with 
steam-pomps,  drawing  from  a  large  number  of  wells,  bored  at  intervals  of 
100  feet  along  tbe  snction-pipe  leading  to  the  pump.  In  this  manner  the 
Btored  water  in  the  sandy  bed  of  the  valley  was  made  to  produce  4  to 
5  second-feet  additional.  The  season  was  succefisfully  passed  owing  to  the 
energy  with  which  the  supply  was  developed,  the  orchards  were  kept  alive 
and  thrifty,  and  no  great  suffering  was  experienced,  although  it  seemed 
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inentable  at  the  beginning  of  the  irrigation  season  of  1899  that  the  orchards 
woald  perish,  or  at  least  that  there  woald  be  a  total  loss  of  frait,  if  not  of 
the  trees.  Pumping  operations  extended  from  May  to  November  23,  1899, 
daring  which  time  the  total  volume  pamped  was  about  458,000,000 
gallons,  or  1402  acre-feet.  The  area  irrigated  was  approximately  3800  acres. 
Deducting  from  this  total  the  amount  of  water  used  for  domestic  service, 
the  mean  depth  actually  applied  to  the  orchards  averaged  3.|  inches. 
This  small  amount,  supplemented  by  thorough  cultivation,  proved  snfficient 
to  save  the  orchards  and  keep  them  in  healthy  growth,  which  is  an  in- 
teresting demonstration  of  what  can  be  done  in  an  emergency. 

The  cost  of  the  pumping-plants  and  wells  so  quickly  inaugurated  as  a 
eubstitate  for  the  reservoir  was  about  127,000.  The  cost  of  pumping  was 
aboat  6^  cents  per  1000  gallons,  which  was  covered  by  an  increase  in  rates, 
to  which  the  community  cheerfully  acceded  as  an  emergency.  The  season 
of  1899-1900  having  failed  to  give  any  run-off  to  the  reservoir,  all  the 
pamping-plants  in  the  reservoir-basin  and  below  the  dam  were  reinstalled, 
and  an  auxiliary  plant,  consisting  of  40  wells,  2  inches  diameter,  50  feet 
deep,  pumped  by  a22-H.P.  gasoline-engine  and  6-inch  centrifugal  pump, 
was  added  to  the  main  plant  at  Linwood  Grove,  while  at  Bonita  the  same 
number  of  wells  were  sank,  and  pumped  by  two  6-inch  centrifugal  pumps, 
placed  in  tandem  and  actuated  by  gasoline-engines.  In  this  way  they 
managed  to  tide  over  the  third  year  of  drouth. 

Sedimentation  of  Sweetwater  Beseryoir.— Prior  to  the  construction  of 
the  dam  some  apprehension  was  felt  as  to  the  probability  of  the  speedy 
filling  of  the  reservoir  with  sand  brought  down  by  the  stream,  which  had 
been  thought  to  be  so  large  in  volume  as  to  destroy  the  usefulness  of  the 
reservoir  in  a  short  time.  The  writer  made  some  observations  on  the  load 
of  sediment  carried  by  the  stream  in  flood  during  the  constrnction  of  the 
dam,  which  led  him  to  conclude  that  the  reservoir  might  be  filled  with 
water  a  thousand  times  before  becoming  entirely  filled  with  sediment* 

Careful  re-surveys  of  the  reservoir  made  by  Mr.  H.  X.  Savage,  chief 
engineer,  since  it  became  empty,  demonstrate  that  the  total  filling  has  been 
about  900  acre-feet  since  the  construction  of  the  dam,  or  at  the  average 
rate  of  75  acre-feet  per  annum.  The  total  volume  of  water  that  has  entered 
the  reservoir  in  the  first  12  years  was  180,066  acre-feet.  The  measured 
solids  deposited  from  this  water  have  therefore  averaged  a  trifle  more  than 
one-half  of  1^.  The  deposit  has  been  almost  directly  as  the  depth,  being 
greatest  at  the  dam,  where  the  depth  of  silt  of  almost  impalpable  fineness 
19  2^  to  3  feet.  The  addition  made  to  the  reservoir  capacity  after  the  flood 
of  1895  was  4.6  times  the  accumulated  sediment  of  twelve  years,  or,  in  other 
words,  snfficient  to  offset  the  filling  of  half  a  century. 

*  The  Construction  of  the  Sweetwater  Dam*  Trans.  Am.  Soc.  Civil  Eng.,  vol.  zix. 
p.  214. 
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Evaporation. — The  perceatage  of  water  lost  in  storage-re&ervoire  by 
evaporation  ia  the  moat  serious  factor  which  the  projectors  of  bucU  enter- 
priies  have  to  anticipate*  It  is  subject  to  wide  irariation  due  to  differences 
ill  mean  depth,  expo^ure^  temperatnrej  wiodd,  and  relative  humidity,  but 
it  is  always  in  operation,  and  itibjecta  the  reservoir  to  a  coDitant  loss,  so 
great  that  it  mast  be  considered  in  all  calcalations  of  reservoir  duty,  as»  in 
extreme  cases,  it  may  amount  to  50fg  per  annum, 

Careful  measurements  of  evaporation  in  a  floating  pan  at  Sweetwater 
dam  shows  the  annual  loss  to  be  about  54  inches  in  depth.  It  is  abont 
2  inches  during  the  month  of  January,  and  over  8  incliea  per  month  daring 
July  and  August,  This  causes  an  annual  loss  of  about  Ibi  of  the  stored 
water,  and  as  a  reservoir  must  always  be  held  back  for  dry  years,  so  that 
practically  a  reservoirful  is  at  least  a  two-years'  supply,  the  loss  is  really 
30^  of  the  total  supply,  leaving  but  *0j^  of  the  reservoir  capacity  available 
for  use,  oue-balf  of  which  only  can  be  safely  counted  on  each  year.  This 
reduces  the  available  annual  sopply  to  about  8000  acre-feet* 

At  the  Cuyamaca  reservoir,  on  the  adjacent  watershed,  the  average 
loss  reported  during  oine  years  prior  to  1897  was  56f  inches  in  depth  per 
annum.  This  loss  amounted  to  25.5^  of  the  total  water  caught  and  stored 
during  that  time,  which  is  nearly  double  that  of  the  Sweetwater  This 
difference  is  due  to  greater  surface  exposure  per  unit  of  volume  stored. 
The  Sweetwater  reservoir  has  an  exposure  of  39.8  acres  per  1000  acre-feet 
of  capacity  when  full,  while  the  Cuyamaca  has  ati  exposure  of  84  acres  per 
1000.  This  is  an  illustration  of  the  advantage  of  great  average  depth  in 
reservoirs,  and  an  argument  in  favor  of  high  dams  for  effective  conservation 
of  water. 

CondmU, — The  main  pipe  leading  from  the  dam  is  30  inches  in  diameter 
for  1600  feet,  thence  30  inches  diameter  for  28,200  feet  to  Chula  Vista. 
It  has  a  minimum  capacity  for  delivery  of  1200  miner's  inches  (25. Si 
second -feet)  to  an  elevation  of  90  feet  above  sea-level  j  which  Is  high  enough 
to  cover  the  larger  part  o£  the  settlement  This  pipe  was  found  to  be 
inadequate  to  the  demands  upon  it,  because  in  practice  the  maximum  rate 
of  consumption  is  about  double  the  mean  rate»  and  for  the  further  reason 
that  the  higher  levels  conld  not  be  supplied  and  at  the  same  time  permit 
the  maximum  discharge  to  the  lower  levels.  To  remedy  this  lack  of 
efficiency  a  second  conduit,  24  inches  dmmeter,  was  built  in  1895  on  the 
north  side  of  the  valley  of  the  Sweet vvatcn  It  is  of  riveted  steel,  30,14*3 
feet  in  length,  and  cost  165,000.  It  has  a  minimum  capacity  of  450 
miner^s  inches  (9  second-feet)  and  is  used  chiefly  for  high  service.  It  con- 
nects at  the  dam  with  one  of  the  30- inch  pipes  laid  through  the  tunnel. 
The  distributing  system  of  pipes,  from  4  to  24  inches  diameter,  is  over  C5 
miles  in  length,  and  has  cost  over  half  a  million  dollars. 

Hemet  Dam,  California. — The  most  massive  aod  imposing  structure  that 
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has  thus  far  been  erected  in  western  America  for  irrigation-storage  is  the 
dam  erected  in  the  San  Jacinto  Mountains,  in  Riverside  County,  California^ 
at  the  outlet  of  Hemet  Valley,  the  location  of  which  with  respect  to  the 
irrigated  lands  is  shown  in  Fig.  165.  The  view  in  Fig.  166  is  rather  an 
imperfect  representation  of  the  appearance  of  the  dam  from  below.  Fig. 
167  is  an  end  view  which  shows  the  arched  form  of  the  dam. 

The  dam  is  bnilt  of  granite  rabble,  laid  in  Portland-cement  concrete, 
and  was  designed  to  be  carried  to  the  ultimate  height  of  160  feet  abo^e  the 
stream-bed.    Its  present  height  is  122.5  feet  above  base,  or  135.5  feet  above 
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Fio.  165. — ^BiAP  Showinq  Location  of  Lake  HsifST,  thb  Main  CoNDurr,  and  iRBt 

GATED  Lands 


lowest  foundations.  It  is  100  feet  in  thickness  at  base,  and  has  a  batter  of 
1  in  10  on  the  water-face,  and  5  in  10  on  back.  Its  present  crest  is  260  feet 
long,  while  the  length  on  base  is  but  40  feet.  The  dam  was  built  np  with 
fall  profile  to  the  height  of  110  feet  above  base,  at  which  point  the  thick- 
ness is  30  feet  Here  an  offset  of  18  feet  was  made,  and  the  remaining  wall 
is  12  feet  at  base,  and  10  feet  thick  at  top.  A  spillway  notch  1  foot  deep, 
50  feet  long,  was  left  in  the  center.  Extreme  Hoods  may  exceed  the 
capacity  of  this  spillway  and  pass  over  the  entire  length  of  the  wall  to  the 
depth  of  several  feet.  This  actually  occarred  in  January,  1893,  when  the 
dam  was  107  feet  in  height.  The  dam  is  arched  up-stream  with  a  radias 
of  225.4  feet  on  the  line  of  its  upper  face  at  the  150-foot  contour,  although 
it  has  a  gravity  section,  with  the  lines  of  pressure  inside  the  center  third, 
as  shown  on  section  in  Fig.  169. 

The  site  seemed  to  be  more  saitable  for  a  masonry  structure  than  any 
other  type  because  the  canyon  is  extremely  narrow,  the  foundations  excel- 
lent, and  materials  for  construction  abundant  After  due  consideration  of 
all  alternative  possibilities  the  writer  was  directed  to  prepare  plans  suitable 
for  the  maximum  height  to  which  a  dam  could  be  built  to  advantage  at  this 
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site^  and  in  the  sammer  of  1S90  tlie  plant  waa  assembled  and  ezcavation 
begun.  The  stripping  to  bed-rock  occupied  seyeral  months,  with  the  aid 
of  a  cablewaj  for  conveying  the  waste  to  a  dump  below  the  dam.  In  this 
operation  a  large  hole  waa  developed  in  the  rock,  13  feet  in  depth,  within 
the  lines  of  the  baae  of  the  dam.  This  hole  was  found  to  be  filled  with 
gravel,  firmly  cemented  in  place  so  tightly  that  it  might  safely  have  been 
built  upon  bad  its  limits  been  known.  After  the  hole  was  cleaned  out  a 
center  trench  was  cut  in  the  bed-rock  np  the  aides,  as  a  key  or  anchorage, 
to  receive  the  masonry. 

The  cement  and  all  tools  had  to  be  hauled  np  the  monntain,  a  distance 
of  2S  miles  from  the  nearest  railroad  statioD,  over  a  road  whose  maximum 
grade  Is  18^,  making  a  total  ascent  of  3350  feet,  and  descending  to  the  dam 
from  the  summit  nearly  GOO  feet.  The  hauling  was  done  at  a  coat  of  II 
to  tl-50  per  barrel,  and  occupied  a  considerable  time  in  delivering  a  snfli- 
cient  qnantity  to  make  a  begiuning,  and  it  waa  the  5  th  of  January,  1891, 
before  the  first  stone  waa  laid. 

The  total  anioont  of  cement  used  waa  about  20,000  barrels,  which  cost 
delivered  about  $o  per  barrel 

Work  was  prosecuted  without  interruption  until  January  24,  lSD2j 
when  severe  weather  and  floods  compelled  a  suspension  of  conatruction  for 
four  months,  when  the  45-foot  level  waa  reached. 

On  resumption  of  work  the  following  spring  it  was  pushed  to  the  107- 
foot  contour,  when  the  workmen  were  again  driven  off  by  a  storm  and 
freshet  on  January  9,  1893,  when  the  reservoir  was  filled  so  rapidly  that 
many  of  the  buildings  and  tools  were  submerged  before  they  could  be 
removed.  The  work  remained  at  this  stage  nntil  the  fall  of  1895,  when 
the  dam  waa  completed  to  its  present  height  and  alt  machinery  and  tools 
were  brought  down  the  mountain.  At  its  present  height  the  dam  contains 
31,105  cubic  yards  of  masonry. 

The  concrete  used  to  embed  the  blocks  of  stone  was  mixed  in  the  pro- 
portion of  1  of  cement f  3  of  sand^  and  6  of  broken  stone,  crashed  to  pass 
through  a  2^-incb  ring.  Mortar  was  only  used  in  laying  the  faciug-s tones 
and  pointing  the  joints  on  the  exterior  faces.  Both  concrete  and  mortar 
were  niiied  by  a  cubiual  iron  mixer,  one  of  a  number  that  had  done  service 
on  the  San  Mateo  dam  in  northern  California*  The  sand  used  was  clean 
and  sharp,  and  wag  constantly  brought  to  the  dam  by  the  small  living  stream 
flowing  from  the  mountains,  the  sand  being  rolled  along  its  bed.  It  was 
accumulated  in  a  little  reser?oir  formed  by  a  temporary  log  dam,  and  con- 
veyed to  the  mixing-platform  by  an  endless  double*wire*rope  carrier,  fitted 
with  triangular  buckets,  placed  at  intervals  of  20  feet.  By  this  means  the 
sand  was  hoisted  125  feet  and  carried  horizontally  400  feet  to  the  mixing- 
platform,  where  it  was  stored  in  a  bin.  This  device  was  very  simple,  inex- 
penaive,  and  quite  effective,  and  the  sand  was  always  washed  clean.     Fig. 
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The  stone  was  all  qtmrried  within  400  feet  of  the  dam^  on  both  sides  of 
the  canyon,  both  above  and  below  the  dam.  It  wag  hoisted  atid  convoyed 
to  the  wall  by  two  cahlewaya,  each  about  300  feet  long  and  1^  inchei  In 
diameter.  The  cabled  crossed  the  dam  aearly  at  right  angles  with  the 
chord  of  the  arch,  but  diverging  from  each  other,  and  were  anchored  to 
convenient  trees  on  either  side  of  the  gorge.  Their  position  was  seldom 
changed,  except  to  lift  them  higher  up  into  the  tree-topsj  and  to  erect  "  A  " 
frames  on  top  of  the  masonry  to  support  the  cables,  when  tlie  wall  had 
reached  such  a  height  as  to  require  iL     Loads  of  10  tons  could  be  hoisted 
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and  handled  with  ea?e,  and  with  the  aid  of  two  derricks,  one  at  each  end  of 

the  dam,  the  rock  brought  by  the  cables  was  placed  where  required.  The 
loads  were  readily  transferred  from  the  naJ>leway  to  the  derricks  while  in 
the  air.  The  trolley  which  traveled  on  the  cable  way,  and  the  devices  for 
sustaining  the  hoiating-Iine  as  the  load  moved  back  and  forth,  were  devised 
on  the  ground  and  operated  satisfactorily. 

The  derricks  were  actuated  by  water-power  obtained  from  a  3fj-inch 
Pel  ton  wheel  located  below  the  dam  and  propelled,  nniler  a  head  of  75  feet, 
by  about  80  miner*8  inches  of  water,  brought  from  the  stream  by  a  iinme 
1.5  miles  long  to  the  edge  of  the  cliff  at  the  mixing-platform,  and  thence 
in  a  13-inch  riveted  steel  press  lire -pipe.  The  pipe  passed  through  the  line 
of  the  dam  and  was  embedded  in  tlie  masonry.     Subsequently  it  w^as  cut 
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o^  at  the  upper  face  of  the  dam  and  was  made  available  as  the  lowest  ontlet 
of  the  reserfoir.  Two  other  oufcleta  were  provided,  eonsiatiug  of  22-iiich 
lap- welded  steel  pipes,  placed  at  the  45-foot  aud  75 -foot  levels*  near  the  left 
wall  of  the  canyon.  These  pipes  were  provided  with  caet-iron  elbows 
taming  upward  aud  flaring  to  30  inches  diameter,  jiist  inside  the  line  of 
the  dam.  Thej  are  closed  by  semi^spherical  cast-iron  covers,  which  are 
raised  and  lowered  by  wire  ropes  passing  over  a  pulley  aud  windlass  that  are 
provided  for  each,  and  stand  on  an  overhanging  frame  bolted  to  tlie  top  of 
the  masonry.  These  covers  are  ordinarily  removed  and  replaced  hj  cylin- 
drical fish-screeus  that  stand  on  the  top  of  the  elbows,  and  the  muiu  coDtrol 
ia  had  by  gate-valves  set  on  each  pipe  at  the  lower  liae  of  the  dam.  When 
these  valves  are  open  the  waterspouts  freely  into  the  air  and  falls  in  a  spray 
upon  the  rock  below.  This  water  is  collected  in  a  pool  a  short  distance 
from  the  dam,  and  passes  over  a  weir  for  measurement,  before  beginning 
its  5-nijle  plunge  down  the  canyon ^  to  the  final  point  of  diversion  into  the 
main  flume. 

When  construction  be^au,  the  reservoir-site  was  well  covered  with  pine 
forest,  aud,  as  it  was  desirable  to  clear  the  flowage  tract,  the  trees  were  cut 
and  sawed  into  lumber.  Over  one  million  feet  B.M.  of  this  lumber  was 
used  for  buildings,  flumes,  and  staging  about  the  dam,  and  half  a  million 
more  ivas  hauled  to  the  valley  for  flumes  and  trestles.  Much  of  the  fire- 
wood cut  from  the  tree- tops  was  alao  hauled  down  the  mountain  by  the 
returning  cement  teams.  The  main  conduit  is  partly  built  of  this  mountain 
pine,  and,  although  it  is  knotty  and  inferior  lumber  for  general  purposes, 
the  flume  made  of  it  did  good  service  for  six  or  eight  years  before  it  was 
recently  replaced  with  California  redwood,  which  is  much  more  durable* 
The  conduit  is  3.24  miles  in  length  from  the  pick-up  weir,  just  above  the 
junction  of  South  Fork  and  Strawberry  Fork^  to  the  mouth  of  the  main 
canyon,  where  it  conuects  with  a  22-inch  riveted  iron  pipe,  2  miles  long. 
From  the  end  of  this  pipe  an  open  ditch,  lined  with  masonry  8  to  10  Inches 
thick,  and  plastered  with  cement  mortar,  conveys  the  water  5  miles  to  a 
20- acre  distributing- reservoir,  located  near  the  highest  corner  of  the  irri- 
gated lauds.  This  reservoir  has  a  capacity  of  about  90  acre- feet,  and  from 
it  the  water  is  distributed  by  some  30  miles  of  pipe,  flumes,  and  lined 
ditches.  The  slope  of  the  land  is  40  feet  per  mile  from  e^t  to  west, 
requiring  small  conduits  for  distribution.  The  main  canyon  flume  was 
built  of  l^inch  lumber,  and  is  38  inches  wide,  18  inches  deep,  and  has  a 
grade  of  about  140  feet  per  mile.  It  was  calked  aud  battened,  smeared 
with  asphalt  inside,  aud  whitewashed  on  the  eiterior  with  lime.  The  ditch- 
lining  consists  of  granite  cobbles  of  10  inches  marimum  diameter^  laid  in 
equal  parts  of  lime  and  cement  mortar  It  is  2.75  feet  wide  on  bottom, 
7  feet  at  top,  2-75  feet  deep,  aud  baa  a  capacity  of  60  second-feet  or  3000 
inches. 
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The  dam  of  the  diBtiibnting-reBerroir  is  of  earth,  300  feet  long,  14  feet 
high,  and  8  feet  wide  on  top.  The  resenroir  is  osaally  filled  within  a  foot 
of  the  top  of  the  dam.  In  constraction  a  trench  was  excavated  9  feet  deep 
under  the  center  line,  in  the  center  of  which  a  tight  board  fence  was  bnilt, 
reaching  to  the  top  of  the  dam,  to  prevent  the  harrowing  of  gronnd- 
sqnirrels  and  gophers^  a  function  which  it  effectually  performs.  The  trench 
was  refilled  with  paddled  soil  each  side  of  the  fence,  and  the  paddle  broaght 
to  the  top  of  the  dam.  The  area  irrigated  by  the  system  in  1896  was  1092 
acres,  and  is  increasing  each  year  as  the  tracts  are  sold  to  settlers. 

This  area  was  in  ?2  separate  tracts,  of  which  the  average  size  is  10  to 
20  acres.  The  rates  charged  for  water  are  12  per  acre  annually,  with  an 
additional  charge  daring  the  nominal  *'  non*irrigating  season ''  (November 
15  to  April  15)  of  tl  per  month  for  each  tract  for  domestic  service.  In 
the  town  of  Hemet,  which  is  supplied  by  the  same  system,  there  were,  in 
1896,  55  taps,  paying  a  uniform  domestic  rate  of  $1.50  per  month.  Water- 
power  is  used  in  the  town  to  drive  an  electric  dynamo  for  lighting  the  hotel 
and  some  of  the  buildings,  the  waste  water  flowing  to  a  smaJl  reservoir. 

The  apportionment  of  water  by  the  water-right  contracts  given  with 
the  deeds  to  the  land  is  at  the  rate  of  '^  one-eighth  of  1  miner^s  inch  of 
perpetual  flow  from  April  15  to  November  15  of  each  year  for  each  acre." 
This  is  equivalent  to  46,224  cubic  feet  per  acre  per  annum,  or  a  mean  depth 
of  12}  inches  over  the  land.  The  water-rate  of  $2  per  acre  would  thus  be 
equal  to  4.3  cents  per  1000  cubic  feet,  or  0.57  cent  per  1000  gallons. 

The  altitude  of  Hemet  Valley  where  the  dam  is  located  is  approximately 
4300  feet.  The  watershed  area,  as  determined  from  the  topographic  map 
of  the  United  States  Geological  Survey,  is  69.5  square  miles,  the  extreme 
elevation  of  which  is  about  9000  feet.  This  point  is  Tahquitz  Peak,  a  spur 
of  Mt.  San  Jacinto.  The  total  drainage-area  of  the  San  Jacinto  Eiver 
above  the  mouth  of  the  canyon  is  141.8  square  miles.  The  reservoir  there- 
fore receives  the  run-off  from  nearly  one-half  the  entire  drainage-basin  of 
the  river.  The  average  yield  of  the  shed  has  not  been  accurately  deter- 
mined, although  it  has  been  insufficient  to  fill  the  reservoir  in  any  one 
season  since  1895.  The  irrigation  season  of  1899  began  with  but  1000 
acre-feet  in  the  reservoir  (gage  73  feet). 

The  present  capacity  of  the  reservoir  is  10,500  acre-feet,  bat  the  addi- 
tion of  27^  feet  to  the  height  of  the  dam  will  increase  it  2^  times.  The 
cost  of  the  dam  and  irrigation-works  has  never  been  made  public.  The 
area  of  the  tract  depending  upon  the  reservoir  for  irrigation  is  about  7000 
acres,  of  which  not  more  than  half  have  been  irrigated. 

The  Bear  Valley  Dam,  CaUfomia. — Probably  the  most  widely  known 
irrigation  system  in  California  is  that  of  the  Bear  Valley  Irrigation  Com- 
pany of  Sedlands,  California,  chiefly  by  reason  of  the  remarkably  slender 
proportions  of  the  Bear  Valley  dam,  which  has  been  to  the  engineering 
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fratemitj  the  ^'eighth  wonder  of  the  world/*  and  b^  no  parallel  on  the 
globe.  The  dam  has  no  stability  to  resist  water-presfiure  except  that  due 
to  its  arehed  form^  and  it  has  been  expected  to  yield  at  any  time^  although 
it  has  eaccessfully  withstood  the  pressure  against  it  for  fifteen  yearSj  and  is 
apparently  as  stable  as  it  ever  was.  The  probabilities  are  that  nothing  but 
an  extraordinary  flood  or  earthquake,  or  a  combination  of  nunsnal  move- 
meuts,  will  ever  acoompliah  its  destrnction.  Such  vaat  interests  are  now 
dependent  upon  the  water  stored  by  the  dam  that  its  failure  would  be  a 
public  calamity,  greatly  to  be  deplored.  The  settlements  of  Red  lands, 
Crafton,  and  Highlande,  which  are  among  the  choicest  of  the  orange- 
growing  regions  of  southern  California,  and  the  irrigation  districts  of 
Alessandro  and  Ferris,  are  the  outgrowth  of  this  water-storage^  although 
the  Ferris  district  receires  but  a  small  portion  of  its  supply  from  this 
source.  Prior  to  the  construction  of  the  dam  in  1883-84,  the  natnral 
streams  entering  the  San  Bernardino  Valley  had  been  entirely  appropriated 
and  used  in  irrigation,  and  had  apparently  reached  the  limit  of  their 
irrigable  duty.  Ko  storage- reservoirs  were  then  in  service,  and  the  creation 
of  the  Bear  Valley  reservoir  for  conserving  the  flood- waters  of  the  Santa 
'Ana  River  has  more  than  doubled  the  area  of  land  irrigated  previous  to  its 
construction  in  the  territory  covered  by  its  water,  and  has  increased  the 
valuation  of  property  in  far  greater  ratio  The  useful  function  of  the 
storage- reservoir  was  never  more  fully  exemplified  than  in  this  case-  The 
Bear  Valley  dam  was  designed  and  built  by  F.  E.  Brown,  C\E*,  a  graduate 
of  Yale  Scientific  School,  The  construction  of  the  dam  was  a  bold  and 
difficult  undertaking,  as  it  waa  the  pionB€r  enterprise  of  California  for 
irrigation -storage,  and  the  site  is  in  a  remote  locality,  to  which  the  cement, 
tools,  and  supplies  had  to  be  hauled  over  a  rough  mountain- range  from 
San  Bernardino,  descending  on  the  opposite  side  to  the  Mojave  Desert 
and  again  climbing  the  mountain  to  Bear  Valley,  a  total  distance  of  70 
miles.  The  cost  of  hauling  cement  was  $10  per  barrel,  and  its  total  cost 
delivered  was  tl4  to  $15  per  barrel.  Under  such  conditions,  and  with  a 
scarcity  of  funds  for  what  was  considered  a  qoestionable  experiment,  it  is 
not  surprising  that  economy  of  masonry  was  practicefl  to  such  an  extent 
that  it  is  qtti«e  without  a  parallel  for  boldness  of  design.  The  d&m  ia 
carved  up-stream  with  a  radius  of  335  feet,  and  is  C4  feet  high  from  base 
to  crest  The  length  on  top  is  about  300  feet,  and  the  thickness  but  2.5 
to  3  feet  on  top,  and  8.5  feet  at  a  point  48  feet  below  the  crest,  where  it 
rests  on  a  base  of  masonry  that  is  13  feet  wide,  making  an  offset  of  about 
2  feet  on  each  side  at  the  center;  but  as  the  base  was  bnilt  with  a  curve  of 
shorter  radius  than  the  npper  48  feet  of  the  dam,  the  offset  is  not  uniform, 
but  tapers  to  nothing  on  the  waterside  at  the  ends  of  the  base,  and  is  fully 
4  feet  wide  on  the  back.  The  lowest  foundation  of  the  base  is  20  feet  wide, 
as  shown  in  Figs,  168  and  169*   The  entire  dam  contains  about  3400  cubic 
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yardi  ot  masonry,  in  which  were  used  about  1600  barrels  of  cement.     It  iB 

reported  to  have  cost  ^75,000,  or  over  $22  per  cubic  yard,  of  which  the 
cement  alone  cost  bat  $7.60  for  each  cubic  yard  of  inasoury  laid.  That  the 
plant  and  labor  could  haye  coit  bo  much  aa  114.50  per  cubic  yard,  which  is 
Beveral  tiroes  the  ordinary  cost  of  euch  work,  must,  if  true,  hare  been 
largely  attributable  to  the  lack  of  aflequate  nmchinery,  as  well  as  extrava* 
gant  management.     The  masonry  is  a  rough,  uncut,  granite  ashlar,  with  a 


Fig.  172.— Cuose-flECTioN'  of  Bear  Yallev  Dam. 


Fia>  173. — Pi  AN  anb  Ei.evation  of  Beau  Yai^let  Dam. 

hearting  of  rough  rubble,  all  laid  in  cement  mortar  and  gravel.  At  the 
beginning  an  earth  dam  was  erected,  2^  miles  above,  6  feet  in  lieiglit,  to 
retain  the  summer  ilow.  As  the  masonry  rose  water  was  let  down  to  the 
main  dam,  forming  a  pond  which  floated  timber  rafta  on  which  atone  was 
transported  to  the  site,  and  from  which  construction  waa  carried  on.  Hand- 
derricks  were  carried  on  these  rafts. 

The  work  was  evidently  done  slowly  and  with  great  care,  as  it  has  leaked 
bat  little  beyond  the  nsual  sweatings,  which  has  left  its  marks  in  an  efflores- 
ce uce  or  deposit  of  lime,  brought  out  of  the  mortar  by  the  moisture  ooztog 
through.     This  occnrred  during  the  first  few  years  after  completion  and 
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has  almost  entirely  ceased.  When  inspected  by  the  writer  in  Angnst,  1896, 
the  water  stood  within  10  feet  of  the  top  of  the  dam  with  little  or  no  yisible 
leakage  below. 

The  soath  end  of  the  dam  abnts  against  a  projecting  ledge  of  granite, 
standing  boldly  oat  from  the  side  of  the  canyon  100  feet  or  more  beyond 
the  general  line  of  the  side  slopes,  illastrated  in  the  photograph,  Fig.  170. 
O^er  the  top  of  this  ledge,  as  far  from  the  dam  as  it  conld  be  placed,  a 
spillway,  20  feet  wide,  was  excavated  to  a  depth  of  8.5  feet  below  the  level 
of  the  extreme  top  of  the  dam  (Fig.  175). 

The  extreme  capacity  of  this  spillway  does  not  exceed  1700  second-feet, 
whtdi  is  dangeroQsly  small. 

7he  great  Sweetwater  flood  of  1895  gave  a  maximum  discharge  of  nearly 
100  second-feet  per  square  mile  of  watershed.  A  freshet  of  proportional 
Tolnme  from  the  Bear  Valley  shed  woald  give  a  discharge  of  about  5600 
second-feet,  or  more  than  three  times  the  spillway  capacity.  Occurring  at 
a  time  when  the  reservoir  were  full,  such  a  flood  would  overtop  the  dam  by 
a  depth  of  2  to  3  feet.     The  result  miglit  be  disastrous. 

The  spillway  was  for  a  time  closed  with  sand-bags  to  hold  the  lake  to  a 
higher  level,  but  this  device  was  substituted  by  movable  flashboarda, 
arranged  in  four  bays,  separated  by  suitable  framework. 

The  only  outlet  or  means  of  control  of  the  reservoir  is  an  iron  gate  made 
to  slide  on  brass  bearings,  and  closing  a  rectangular  opening,  20  by  24 
inches,  leading  to  a  culvert  cut  in  the  bed-rock.  The  culvert  trench  was 
made  2  feet  wide  and  3  feet  high,  flat  on  bottom  and  arched  over  the  top 
with  concrete.  The  dam  was  built  over  it,  and  the  culvert  simply  passed 
through  or  under  the  wall.  The  gate  is  operated  by  a  screw-stem  that 
passes  up  through  a  6-inch  pipe,  standing  vertically  in  the  water  next  to 
the  dam,  and  reaching  up  to  a  wooden  platform  at  the  coping-line.  The 
gate-stem,  hand-wheel,  and  moutli  of  outlet  culvert  are  shown  in  the  illus- 
tration. The  maximum  discharge  capacity  of  the  gate  when  wide  open 
with  full  reservoir  is  about  1G7  second-feet,  which  is  much  more  than  is 
ever  required  to  be  drawn.  Tiie  capacity  with  reservoir  practically  empty 
is  over  80  second-feet. 

The  top  of  the  dam  is  not  finished  to  a  true  level  line,  as  the  coping- 
stones  have  been  omitted  over  about  one-half  the  length,  and  this  portion  is 
2  to  3  feet  lower  than  the  finished  crest.  It  requires  considerable  nerve  to 
walk  over  the  top  of  the  dam,  because  it  has  no  hand-rail  or  parapet  and  is 
80  narrow  that  few  visitors  care  to  attempt  tlie  feat.  Water  has  stood  for  a 
considerable  time  within  a  few  inches  of  overflowing,  although  it  has  never 
actually  passed  over  the  top,  as  the  spillway  has  thus  far  been  capable  of 
carrying  the  surplus  flood-water.  The  maximum  volume  stored  in  the 
reservoir,  thus  far,  has  been  somewhat  in  excess  of  40,000  acre-feet,  and 
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in  seasoDB  of  exoeadTe  precipitation  the  ran-ofl  has  exceeded  the  reeerroir 
capacity. 

In  order  to  be  able  to  impoand  the  entire  ran-off  from  the  watershed, 
or  the  greater  portion  of  it,  the  company  at  one  time  contemplated  the 
erection  of  a  higher  dam,  to  be  bailt  about  200  feet  down-stream  from  the 
present  dam,  and  impound  water  to  the  75-foot  contoar  of  the  reservoir,  or 
11  feet  higher  than  the  crest  of  the  existing  strnctnre,  at  which  leyel  the 
capacity  of  the  basin  is  80,000  acre-feet,  flooding  a  sarface  area  of  3060 
acres  to  a  mean  depth  of  25.3  feet  It  was  regarded  as  impracticable  to 
add  another  foot  to  the  height  of  the  present  dam,  and  no  engineer  cared 
to  risk  the  responsibility  of  excavating  at  the  toe  of  the  wall  for  such  an 
addition  to  it  as  woald  enable  it  to  be  raised  to  the  desired  height;  hence 
it  was  deemed  best  to  go  a  safe  distance  below  to  avoid  jarring  or  distarb- 
ing  the  fragile  wall,  and  there  begin  an  entirely  independent  structure. 
The  new  dam  was  designed  as  a  rock-fill,  and  was  to  be  80  feet  in  height 
above  the  base  of  the  present  dam,  but  was  never  finished  beyond  the 
foundations,  which  were  laid  in  a  substantial  manner  in  1893  (Fig.  176). 
It  is  a  matter  of  regret  that  the  second  dam  was  not  completed,  as  its  com- 
pletion was  recognized  as  affording  a  rare  opportunity  for  studying  the  arch 
action  upon  the  present  masonry  wall.  At  the  time  it  was  begun  a  com- 
mittee was  appointed  by  the  American  Society  of  Civil  Engineers  to 
examine  and  measure  the  movement  in  the  masonry  incident  to  the  loading 
and  unloading  of  the  arch.  This  could  be  quickly  accomplished  by  empty- 
ing and  refilling  the  pond  between  the  two  dams.  If  taken  at  the  right 
time,  the  effect  of  a  flood  pouring  over  the  crest  of  the  thin  masonry  wall 
could  have  been  observed,  and  much  useful  knowledge  obtained  on  the 
flubject  of  the  strains  in  arched  dams  of  which  so  little  is  now  known. 

The  watershed  tributary  to  the  Bear  Valley  reservoir,  as  determined 
from  the  best  available  maps,  is  approximately  56  square  miles,  the  maxi- 
mum elevation  of  which  is  about  7700  feet,  or  1500  feet  higher  than  the 
Talley.  On  the  north  and  east  the  shed  borders  on  the  desert,  and  the  pre- 
cipitation shades  off  to  a  considerably  less  amount  than  is  recorded  at  the 
dam. 

The  record  of  rain  and  melted  snow  at  the  dam  from  1883  to  1893,  the 
oeason  beginning  in  each  year  on  September  Ist,  is  as  follows: 

Inches.  ItjcIics. 

1883-84 04.00  1888-80 40.03 

1884-85 28.06  1800-01 78.40 

1885-86 65.51  1801-02 38.00 

1886-87 24.00  1892-93 44.32 

1887-88 62.30  1894-95 50.00 


Mean  for  12  years 53.70 
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The  dry  years  which  hare  occnrred  since  1895  mnst  nndonbtedly  reduce 
this  mean  very  considerably,  although  the  record  has  not  been  made  pablic. 
In  1891  the  run-off  from  the  watershed  was  computed  by  Wm.  Ham.  Hall 
from  the  records  of  catchment,  as  follows,  beginning  with  the  completion 
of  the  dam: 

Seaaon.  ?""-^^\  Season.  A^""i'^; 

Acre-feet.  o^owu.  Acre-feet. 

1883-84 236,000  1887-88 132,400 

1884-85 21,000   *  1888-89 70,400 

1885-86 142,400  1889-90 211,600 

1886-87 8,000  1890-91 1?6,800 

Mean 126,150 

This  estimate  is  so  large  as  to  be  decidedly  questionable.  Mr.  J.  B. 
Lippincott,  Hydrographer  U.  S.  Geological  Survey,*  estimates,  by  compari- 
son of  observations  in  other  parts  of  the  State,  that  the  probable  maximum 
run-off  of  the  shed  is  about  100,000  acre-feet,  and  the  mean  about  28,500. 
The  minimum  was  doubtless  reached  in  1895-99.  The  irrigation  season  of 
1899  began  with  but  1560  acre-feet  in  the  reservoir,  a  small  portion  of 
which  was  held  over  from  the  previous  year.  This  was  entirely  exhausted 
early  in  the  season,  and  an  attempt  was  made  to  maintain  the  supply  hj 
pumping  from  shallow  wells  in  the  bed  of  the  reservoir,  although  with 
indifferent  success.  Four  to  six  acre-feet  per  day  were  obtained  for  a  time,. 
but  it  was  largely  dissipated  by  evaporation  in  passing  down  the  canyon. 

The  loss  to  be  anticipated  from  this  reservoir  by  evaporation  is  a  sab- 
jeot  of  much  interest.  It  is  at  an  altitude  of  6200  feet,  and  well  sheltered 
from  winds  by  surrounding  mountains,  favoring  minimum  loss.  On  the 
other  hand  the  water  is  shallow  and  spread  oat  over  a  large  area.  Observa- 
tions made  at  the  gate-house  of  the  Arrowhead  Reservoir  Company  in  Little 
Bear  Valley,  in  the  same  mountain-range,  but  at  lower  elevation  (5160  feet 
above  sea-level),  indicate  that  the  evaporation  from  water-surface  is  about 
36  inches  per  annum  in  that  locality,  of  which  about  90^^  occurs  in  the 
eight  months  from  March  to  November,  inclusive.  This  rate  of  loss  applied 
to  Bear  Valley  reservoir  when  full  would  indicate  a  probable  loss  of  over 
20^  per  annum  if  no  water  were  drawn  out,  or  about  14;^  per  annum  if  a 
uniform  draft  of  2500  acre-feet  per  month  were  made  during  the  period 
from  March  to  November,  inclusive. 

The  general  form  of  the  reservoir  is  shown  in  Fig.  177. 

La  Grange  Dam,  California. — There  is  something  quite  unusual  in  a 
masonry  dam  125  feet  high  which  is  erected  for  the  sole  purpose  of  divert- 
ing water  from  a  stream  for  irrigation  purposes,  and  this  is  the  character  of 
structure  that  was  built  on  the  Tuolumne  River,  1^  miles  above  the  town, 
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of  La  Grange,  California,  in  1891-94^  by  the  Tiirlock  and  Modesto  irriga- 
tion districts  jointly.  The  Tuolumne  River,  as  it  leaves  the  mountains,  on 
its  way  across  the  San  Joaquin  Valley,  is  cut  down  so  deeply  below  the 
geneiai  level  of  the  plain  as  to  require  a  high  dam  to  raise  the  water  snfli- 
ciently  to  get  it  out  on  the  irrigable  iands.  The  dam  is  located  at  the 
month  of  a  uarrow  box  canyon  and  is  in  no  sense  designed  or  used  for 
storage*  It  is  125  feet  high  on  the  up-stream  face,  12d  feot  on  the  down- 
stream side,  90  feet  in  thicknesa  at  bottom,  24  feet  at  crest,  and  but  310 
feet  long  on  top*  The  wail  is  built  as  the  segment  of  a  circle  of  300  feet 
radius,  the  arch  being  opposed  to  tJie  direction  of  the  water-pressnre, 
although  its  profile  is  of  purely  gravity  type,  in  which  the  lines  of  pressure 
are  well  within  the  mitldle  third.  On  the  water-face  the  dam  is  vertical  for 
70  feet  below  the  top,  and  thence  to  the  foundation  has  a  batter  of  1  in  20, 
The  edgeB  of  the  crest  are  rounded  off  on  a  radius  of  3  feet  on  upper  side, 
and  17*5  feet  on  lower  side,  leaving  6  feet  of  tlie  crest  level.  At  6  feet 
below  the  crest  the  dam  is  24.13  feet  thick;  at  69  feet  below  it  is  52  feet 
thick;  at  69  feet  it  is  66,25  feet;  and  at  97  feet,  the  top  of  the  foundation 
masonry,  it  is  84  feet  thick.  The  extreme  bottom  width  at  the  highest 
point  of  the  dam  is  90  feet.  The  lower  face  has  a  batter  of  ^  to  1,  from  TO 
feet  below  the  crest,  ivhere  a  compound  curve  of  63  and  23  feet  radii 
commences,  which  carries  the  face  to  its  intersection  with  the  battered  face 
of  the  foundation  masonry  about  3  feet  above  low  water.  From  this  point 
the  foundation  batter  is  1  in  ?,  to  the  bottom,  about  32  feet  in  the 
deepest  place.  These  dimensions  give  practically  an  ogee  form  to  the 
down-stream  face,  which  permits  the  water  to  follow  the  masonry  without 
leaving  its  face  in  its  descent,  provided  the  depth  be  not  more  than  4  to  5 
feet,  and  gives  it  a  horizontal  direction  at  the  bottom.  The  curvature  of 
the  dam  and  the  fact  that  the  canyon  is  but  80  feet  wide  at  the  base  of  the 
dam,  or  top  of  foundations,  so  concentrate  the  stream  that  aome  erosion 
may  be  anticipated  at  the  base,  although  nothing  serious  in  that  Hue  has 
been  reported. 

The  dam  contains  39.500  cubic  yards  of  masonry  and  cost  t550,0(i9. 
It  is  built  throughout  of  rough,  nncoiirsed  rubble  masonry,  laid  in  Portland- 
cement  concrete,  in  practically  the  same  manner  as  that  described  in  the 
construction  of  the  Hemet  dam.  The  work  was  done  by  contract,  at  110.39 
per  cubic  yard,  including  the  excavation  for  foundations,  but  not  including 
cement,  which  was  furnished  by  the  districts.  The  cement  cost  ^4.50  per 
barrel  delivered,  and  31,500  barrels  were  used  in  the  work. 

It  is  believed  to  be  the  highest  overflow  dam  in  the  United  States,  if  not 
in  the  world.  The  volume  of  water  passing  over  it  may  in  extreme  floods 
amount  to  100*000  second-feet  The  maximum  flood  that  has  yet  gone 
over  the  dam  was  about  46,000  second -feet  in  volumei  the  depth  on  creit 
being  12  feet* 


Fig.  178. — Plajn  of  La  Ghangf  Dam,  California. 


Fio.  179. — Profile  op  La  Grange  Dam,  Californl\. 
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During  oomtruction  the  low-water  discharge  was  carried  past  the  work 
in  a  fliime  the  first  year,  and  subsequently  through  two  culverts,  ooe  at  low- 
water  l«Tel,  and  a  second  10  feet  higher.  These  were  4  feet  wide,  6  feet 
kigb. 

The  Modesto  Canal  takes  water  through  au  open  cut  from  the  dam,  on 
the  right  bank,  and  has  a  capacity  of  750  second^feet.  The  Turlock  Canal 
reachea  the  reien'oir  above  the  dam  by  means  of  a  tunnel  5G0  feet  long,  12 
feet  wide,  11  feet  high,  with  regulating-gate  ut  the  head. 


Fi(i.  ISO. —  UppKii  Facfi  ov  La  Ghanoe  Dam. 

In  construction  of  the  dam  three  lines  of  cableway  were  used,  "ipanning 
the  canyon,  for  hauling  the  materials. 

The  excessive  cost  of  the  work  waa  doiibdess  due  to  the  uncertainty  as 
to  the  value  of  the  bonds  of  the  irrigatiDn  districtii,  which  created  a  temerity 
among  contractors,  and  there  were  few  bidders*  The  contractor  was 
obliged  to  buy  the  bonds  at  not  less  than  9Q^  of  their  face  value,  and  dispose 
of  them  at  a  figure  from  which  he  could  obtain  a  profit  on  his  work- 
Under  ordinary  conditions  of  prompt  payments  in  cash  the  construction 
should  have  been  done  for  one-half  the  actual  cost. 

The    dam  was    designed    by  Luther  Wagoner,    C.E*,  who    resigned 
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shortly  after  work  began,  and  construction  was  completed  nnder  charge  of 
E.  H*  Barton,  engineer  for  tbe  Tnrlock  district,  and  H.  S.  Crowcj  repre- 
senting the  Modesto  district, 

The  elevation  of  the  crest  of  the  dam  is  299-3  feet  above  sea-level,  and 
the  canal  grade  is  S-3  feet  lower. 

The  Turlock  irrigation  district  embraces  IT 6,2 10  acres,  and  the  catial 
supplying  it  has  a  reported  capacity  of  1500  second -feet.  The  main  canal 
is  ]S  nuha  long,  feeding  five  laterals  of  an  aggregate  length  of  W  miles* 


-vi«t*  **^ 


FiQ.  1S5,— Lower  Pack  of  La  Gt^awok  bah* 

The  Modesto  district  covers  81,500  acres,  with  a  main  canal  ^2,75  miles 
long  before  reaching  the  district,  having  a  capacity  of  640  aecond-feet. 
The  entire  irrigation  system  when  fully  completed  will  be  the  largest  and 
most  comprehensive  one  in  California,  and  the  dam  npon  which  its  snccese 
depends  has  been  wisely  constructed  of  such  dimensions  as  to  be  of  unqiiea- 
tionable  stabiHty.     Figs.  180  to  185  are  views  of  the  structure. 

Fdiom  Dam,  Calif ornia* — There  are  many  features  of  the  Folsom  dam, 
on  the  American  River,  California,  whicli  give  it  special  interest  to  engi- 
neers and  all  others  who  have  seen  it,  one  of  which  is  that  it  was  built  by 
the  State  of  California  entirely  with  convict  labor,  incidentally  to  give 
employment  to  the  inmates  of  one  of  the  State  prisons,  but  primarily  to 
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develop  water-power  for  use  in  yarious  industries  about  the  prison  and  for 
transmission  to  other  localities.  A  further  purpose  is  served  by  the  dam  in 
the  diversion  of  water  from  the  American  River  out  upon  the  plains  of  the 
Sacramento  Valley  for  irrigation.  The  plan,  profile,  and  section  of  the 
dam  are  shown  in  Fig.  187,  and  a  photograph  taken  by  a  convict  during 
construction  is  given  in  Fig.  188. 

The  dam  is  of  the  same  general  character  as  the  La  Grange  dam, 
serving  no  purpose  of  storage,  but  designed  solely  for  the  diversion  of  the 
stream  and  so  constructed  as  to  permit  flood-water  to  pass  freely  over 
its  crest. 

It  is  located  at  the  top  of  a  natural  fall  in  the  bed-rock  of  the  stream, 
its  height  at  tlie  up-stream  toe  being  69.5  feet,  while  at  the  down-stream 
footing  the  height  is  98  feet  to  the  crest-line.  The  top  thickness  is  24 
feet;  base  87  feet.  A  movable  shutter,  180  feet  long,  is  placed  in  the  center 
of  the  dam  for  raising  the  normal  water-level  at  low  stages.  This  shutter 
is  placed  in  a  depression,  6  feet  in  depth,  below  the  general  level  of  the  dam, 
and  is  lowered  during  floods  to  allow  the  passage  of  extreme  freshets  over 
the  dam.  At  low  water  the  shutter  is  raised  to  a  nearly  vertical  position 
by  means  of  hydraulic  jacks,  as  shown  in  Fig.  189,  which  are  operated  from 
the  prison  power-house.  The  entire  crest  length  of  the  dam  is  650  feet, 
including  the  curved  approach  to  the  canal  head-gates. 

The  main  dam  is  straight  in  plan.  The  construction  of  the  dam  was 
begun  in  1886  and  completed  in  1891.  It  contains  48,590  cubic  yards  of 
masonry  in  the  dam  proper,  while  the  retaining-wall  of  the  canal  has 
27,000  cubic  yards  and  the  power-house  13,700  cubic  yards  of  granite 
masonry,  all  laid  in  Portland-cement  mortar.  The  dam  is  a  very  massive 
and  substantial  piece  of  masonry,  composed  of  rough  granite  ashlar  in 
large  blocks  of  10  tons  or  more  in  weight.  The  quarry,  which  deter- 
mined the  location  of  the  State  prison,  affords  an  unlimited  quantity  of  excel- 
lent granite  which  has  a  fine  cleavage  and  is  readily  quarried  into  blocks  of 
any  desired  size.  The  excavation  of  the  canal  along  the  granite  cliff  gave  all 
the  material  needed  for  the  dam.  The  stone  was  delivered  to  the  dam  by  a 
cableway  of  unusual  construction,  in  that  two  cables  were  used  side  by  side 
like  a  suspended  railway-track,  and  the  trolley  was  a  four-wheeled  carriage 
from  which  the  loads  were  hoisted  and  suspended.  There  are  many  disad- 
vantages to  this  form  of  cableway,  and  no  special  features  to  recommend  it 
as  preferable  to  the  single  cable.  The  latter  admits  of  dragging  rocks  from 
either  side  of  the  line  of  the  cable  for  a  considerable  distance,  an  operation 
which  would  tend  to  derail  the  trolley  of  a  double  cableway. 

The  canal  taken  from  the  left  side  of  the  dam  passes  through  the 
prison  grounds  and  thence  to  the  town  of  Folsom,  one  and  one-half  miles 
below,  where  the  main  power-drop  of  85  feet  is  utilized  for  generation  of 
power,  which  is  transmitted  electrically  to  Sacramento,  22  miles  distant. 
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In  passing  the  prison  power-hous©  a  drop  of  7*5  feet  is  utilized  by  six 
87-inch  LeM  turbines  of  the  double  improved  type,  and  about  800  H,P. 
are  developed  at  the  maximam.  The  canal  is  S  feet  in  depth  throughout, 
the  width  below  the  prison  power-house  being  30  feet  on  bottom^  40  feet 
on  top.  Above  the  power-liouse  the  width  is  10  feet  greater.  The  grada 
is  1: 2000j  and  the  capacity  of  the  cunal  about  1000  second-feet* 


■jn 


Fig,  180.— Ktdhaitltc  Jacks  fok  raising  Shctteb  on  Folsom  Dam. 

The  Sam  Hateo  Dam,  California. — Doubtless  the  most  enormous  masa  of 
masonry  of  any  sort  in  the  West*  if  not  in  the  entire  United  States,  is  the 
great  concrete  dam  crc^cted  on  San  Mateo  Creek,  6  miles  above  the  village 
of  San  MatDo,  California,  by  the  Spring  Valley  Water-works  of  San  Fran- 
cisco, to  impound  water  lor  the  supply  of  that  city.  The  dam  rankg 
among  the  highest  and  most  costly  of  the  world,  and  was  erected  in  18S7 
and  1888, 

It  was  projected  to  reach  to  a  height  of  170  feet,  at  which  the  top  width 
was  to  be  25  feet  and  base  width  176  feet,  but  construction  was  suspended 
at  the  height  of  146  feet,  or  34  feet  below  the  ultimate  height.  When 
finished  the  top  length  will  be  G80  feet.  It  has  a  uniform  Imtter  of  4  to  1 
on  the  up-stream  face,  while  the  lower  sIoi>e,  beginning  with  a  hatter  of  2| 
on  1  near  the  top,  curves  with  a  radius  of  '258  feet  to  near  the  bottom, 
where  the  batter  is  1  to  1.  The  dam  is  arched  up-stream  with  a  radius  of 
637  feet. 

It  is  built  throughout  with  concrete,  made  of  broken  stone,  beach  sand» 
and  Portland  cement.  This  material  was  chosen  because  of  the  difficulty  of 
eecnring  rock  in  the  vicinity  suitable  for  rubble  masonry.  The  atone  was 
qnarried  in  the  immediate  vicinity,  and  occurred  in  small  irregular  nodules. 
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frequently  so  coated  with  clay  and  serpentine  as  to  require  it  to  be  thoroughly 
washed  before  it  wtis  lit  for  use.  After  crushing,  it  was  passed  through 
revolving  cylindrical  tumblers,  where  a  constant  stream  of  water  was  main- 
tained to  carry  of!  the  mud  and  tailings,  which  passed  off  through  a  flume 
and  dropped  to  the  stream-channel,  where  the  .deposit  from  these  washings 
covered  several  acres  to  a  considerable  depth.  The  proportion  of  waste  was 
large.  The  sand  used  in  the  concrete  was  obtained  from  the  sand-dunes  of 
Korth  Beach,  San  Francisco,  where  it  was  loaded  on  cars,  hauled  one  mile, 
and  dumped  into  barges,  then  towed  25  miles  up  the  bay  to  a  landing  oppo- 
site San  Mateo,  and  tiience  hauled  G  miles  by  wagon  to  the  dam.  All  the 
materials  were  thus  unusually  expensive. 

The  concrete  was  mixed  in  a  battery  of  6  cubical  iron  mixing-machines 
Tevolved  by  steam-power.  It  was  delivered  to  the  work  by  a  double-track 
tramway  on  a  high  trestle  carried  part  way  across  tlie  canyon  at  the  level  of 
the  top  of  the  dam  on  the  lower  side,  as  shown  in  Fig.  190.  The  cars  on  this 
tramway  were  pushed  by  hand  and  dumi)ed  into  hoppers  let  into  the  floor 
between  the  rails,  leading  to  vertical  pipes,  IG  inches  in  diameter,  which 
extended  down  to  platforms  that  were  placed  from  time  to  time  at  a  level 
with  the  top  of  the  work  as  as  it  progressed.  The  concrete  dropped  down 
these  pipes,  striking  on  steel  plates,  from  which  it  was  shoveled  into  wheel- 
barrows and  trundled  to  the  place  of  use.  The  height  of  this  drop  was 
sometimes  as  great  as  120  feet,  but  no  injury  resulted  to  the  concrete,  or  to 
the  men  shoveling  it  as  it  fell.  The  concrete  was  mixed  in  the  proportions 
of  1  part  cement  to  2  parts  sand,  6^  parts  broken  stone,  and  |  part  water 
by  measure.  It  was  moulded  in  cyclopean  blocks  of  200  to  300  cubic  yards 
each,  witli  numerous  offsets  ingeniously  dovetailing  the  blocks  together,  and 
every  possible  precaution  was  taken  in  the  joining  of  the  successive  portions 
to  secure  an  absolute  bond.  The  surfaces  of  the  blocks  after  the  forms  were 
removed  were  roughened  with  picks,  swept  and  washed  clean,  and  grouted 
with  pure  cement  before  concrete  was  placed  against  them.  The  result  has 
been  very  satisfactory;  the  dam  is  almost  absolutely  water-tight,  although 
some  moisture  does  find  its  way  through  and  appears  in  spots  on  the  lower 
face.  No  settlement  or  expansion  cracks  are  visible,  and  the  work  has  the 
appearance  of  being  absolutely  homogeneous.  Figs.  192  and  193  show 
the  general  method  of  forming  the  blocks  and  preparing  them  to  receive 
fresh  concrete,  and  Fig.  194  is  a  general  view  of  the  dam  taken  at  the 
time  of  the  visit  of  the  American  Society  of  Civil  Engineers  in  Annual 
Convention,  July,  1896.  Plans  and  sections  of  this  dam  are  shown  in 
Fig.  191.  At  the  170-foot  level  the  reservoir  will  have  a  capacity  of 
29,000,000,000  gallons,  or  89,000  acre-feet.  The  present  capacity  is 
approximately  20,000.000.000  gallons. 

The  entire  volume  of  the  dam  is  approximately  139,000  cubic  yards. 

When  the  dam  is  extended  to  its  ultimate  height  it  will  be  necessary  to 
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elote  a  gap  in  the  ridge  a  short  distance  north  with  a  wall  aboat  25  feet 
high.  The  oatlet  to  the  dam  is  a  tnnnel  390  feet  long,  driven  throagh  the 
hill  on  the  north  side  of  the  channel,  throngh  which  a  54-inch  riveted  iron 
pipe  is  laid.  The  tnnnel  is  7|^  feet  wide  inside  the  lining,  and  of  the  same 
heigh ty  and  is  lined  with  foar  conrses  of  brick,  21  inches  thick. 

The  tnnnel  is  intersected  by  a  brick-lined  shaft,  14  feet  clear  diameter, 
placed  jnst  inside  the  dam  in  the  reservoir.  Inside  this  shaft  is  a  stand-pipe 
connecting  with  the  main  ontlet-pipe.  Three  branch  tunnels,  carrying  large 
pipes,  open  ont  from  the  reservoir  to  this  stand-pipe,  each  pipe  being  con- 
trolled by  gate-valves  that  are  placed  in  the  main  shaft.  This  is  an  admir- 
able form  of  outlet,  as  all  the  pipes  from  the  shaft  are  accessible  to  inspection 
and  repair.  The  ends  of  the  tunnels  under  water  have  plain  cover-valves 
over  elbows,  and  are  provided  with  fish-screens  that  are  put  into  position 
from  floating  barges.  A  main  pipe,  44  inches  in  diameter,  leads  from  the 
dam  to  San  Francisco.  The  present  crest  of  the  dam  is  2S1  feet  above  tide- 
level. 

When  the  reservoir  is  filled  it  submerges  the  old  Crystal  Springs  reaer- 
Toir  and  dam,  the  latter  being  an  earth  structure  which  did  service  for  many 
years  until  superseded  by  the  new  dam.  A  smaller  reservoir,  that  formerly 
supplied  the  town  of  San  Mateo,  was  also  obliterated  from  view,  and  the 
water  at  highest  level  will  extend  up  the  valley  of  the  north  arm  of  the 
creek  nearly  to  the  toe  of  the  San  Andreas  dam. 

The  old  Crystal  Springs  reservoir  had  a  tributary  watershed  of  14  square 
miles,  which  yielded  a  mean  annual  run-off  of  319  acre-feet  per  square  mile 
during  the  eight  years  from  1878  to  1886.  The  mean  rainfall  during  that 
period  was  34.95  inches.  This  run-off  is  equivalent  to  a  mean  of  14.4*^  of 
the  mean  rainfall,  the  maximum  having  been  34^  and  the  minimum  0.5^. 

The  Pilarcitoa  and  San  Andreas  watersheds,  whose  catchment  is  retained 
by  earthen  dams,  receive  a  much  hi<rher  precipitation,  esj)ecially  the  former, 
which  is  more  directly  exi)osed  to  the  saturated  wind-currents  from  the 
ocean.  The  average  precipitation  over  all  the  Spring  Valley  Water  Co.'s 
sheds,  during  the  seven  years  from  18G8  to  1875,  was  43.5  inches,  from 
whicli  the  mean  run-off  was  :J5.5,<^,  including  loss  by  evaporation.  These 
waternhtjds  are  partially  woodi.»d,  undulating  pasture-lands,  uncultivateii, 
covered  with  deeji  soil,  and  <:lothed  with  native  grasses  that  spring  up  annu- 
ally from  seed  and  have  little  permanent  sod.  The  results  of  the  measured 
catchnif*nt  from  the-<;  areas  indicates  that,  in  general  terms,  on  watersheds 
of  tliis  character  from  '.'0  to  1^5  inches  of  rainfall  are  annually  taken  into  the 
soil  and  ahsorb<'d  in  plant-growth  and  evaporation. 

Pacoima  Submerged  Dam,  California.— On<i  of  the  most  novel  and  inter- 
esting masonry  dams  erected  for  impounding  water  in  California,  where  so 
many  novelties  and  experimental  works  have  been  carrie<l  out,  is  a  slender 
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little  reaerroir  wall  built  across  P^icoiraa  Creek,  ia  the  San  Fernando  Valley, 
20  miles  north  of  Los  Angeles,  for  the  purpose  of  forrDing  an  underground 
reserroir,  whose  stonife  capacity  consists  solely  of  the  voids  in  the  gravel- 
bed  filling  the  valley  of  the  stream. 

The  creek  drains  a  watershed  wliose  area  is  30.5  square  miles  above  the 
point  where  it  issues  from  the  mountains.  Here  it  flows  over  exposed  bed* 
rock,  and  tlie  normal  summer  flow,  which  diminish^  gradually  from  about 
100  to  less  than  10  miner's  inches,  is  entirely  diverted  by  a  pij>e-line  and 
used  below  for  irrigiition.  The  dam  in  question  is  located  2^  miles  further 
down,  where  the  channel  of  the  stream  is  contracted  to  a  width  of  550  feet 
by  a  ledge  ol  sandstone  which  crosses  it  at  about  right  angles.  Between 
the  dam  and  the  mouth  of  the  canyon  is  a  continuous  bed  of  gravely  in 
places  half  a  mile  wide,  which,  thongh  lying  on  a  heavy  grade,  constitutes 
the  storage-Teservoir.  The  dam  was  constructed  by  eieavating  a  straight 
trench  (shown  in  Fig.  196),  6  feet  wide,  from  side  to  side  of  the  channel^ 
down  to  and  Into  the  sandstone  bed-rock.  In  the  center  of  the  trench  a 
wall  of  rubble  masonry  was  laid,  3  feet  wide  at  baae,  2  feet  at  surface,  using 
the  cobbles  excavated  from  the  trench,  and  a  mortar  of  Portland  cement 
and  sand.  The  mistake  wag  made  of  not  filling  the  entire  width  of  the 
trench  with  concrete,  thoroughly  rammed  between  the  side  walls,  which 
would  probably  have  insured  satisfactory  water4ightness*  As  it  was,  the 
space  each  side  of  the  wall  was  refilled  with  gravel*  and  the  wall  was  not 
thick  enough  or  sufficiently  well  pointed  to  be  entirely  watertight.  The 
general  height  of  the  wall  is  40  feet,  the  maximum  being  5"^  feet.  Plan, 
profile,  and  section  of  the  dam  are  shown  in  Fig.  198.  Two  gathering- 
wells  are  provided  in  the  line  of  the  wall,  each  4  feet  inside  diameter, 
reaching  from  bottom  to  top. 

Three  lines  of  drain-pipes,  8  and  10  inches  diameter  and  made  of  asphalt 
concrete,  laid  with  open  joints,  are  placed  inside  the  dam  leading  to  the 
wells,  the  function  of  which  is  to  gather  the  water  and  feed  it  to  the  wells. 
Outlet-pipes  14  inches  diameter,  one  from  each  well,  lead  to  either  side  of 
the  valley.  These  are  placed  13  feet  below  the  top  of  dam  and  connect 
with  amain  leading  to  the  pipe  distributing  system  supplying  the  irrigated 
lands.  AVlien  the  reservoir  is  drained  down  to  the  level  of  these  outlets 
further  draft  is  made  by  pumping,  which  is  required  for  about  100  days 
during  late  summer  and  fall. 

The  cost  of  the  dam  is  given  at  $50,000,  and  the  volume  of  masonry 
was  about  *^000  cubic  yards.  It  is  a  piece  of  amateur  work,  built  witliout 
engineering  advice,  but  it  serves  a  useful  purpose,  though  not  at  all  commen- 
surate to  its  cost.  It  is,  however,  a  type  of  dam  that  may  be  applicable  to 
other  localities  more  naturally  favorable  than  this. 
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Fio.  198. — ^PLan  ard  Profile  of  Pacoima  Dam. 
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The  dimensions  and  capaeitv  of  this  novel  r^eriroir  caimot  be  ctmrly 
detennineil,  but  its  surface  area  is  approximately  'S\)0  acn^si,  its  nioaii  <lopth 
probably  15  to  20  feet^  and  its  capacity  equiralent  to  the  volume  of  voids  in 

the  gnivel  or  1300  to  1500  a<*re-feet. 

Agua  Fria  Dam,  Ariiona. — One  of  the  tributaries  of  the  Gila  River, 
which  joins  it  from  the  north,  below  the  city  of  Phceuix,  ia  the  Agun  Fna 
River,  heading  in  the  mountains  near  Prescott,  and  drainiog  some  14i*0 
square  miles  of  mountainous  territory.  The  Agua  Fria  Laud  anil  \V filer 
Company  have  erected  a  maaonr}'  diverting-weir  across  the  stream,  at  a 
point  U  to  2  miles  above  the  northerly  line  of  Gihi  Valley,  and  liave  pro- 
Jeeted  a  storage-dam  H  miles  higher  up  the  stream,  at  a  point  called  the 
Frog  Tanks*  to  impound  the  flood -water  for  irrigation  of  the  plains, 
beginning  some  twenty  miles  west  of  Phoenix, 

The  dam  is  projected  to  the  height  of  120  feet  abo^*^  the  bed  of  the 
stream.  The  width  of  the  canyon  is  here  298  feet  at  the  level  of  the  sand, 
but  at  top  the  dam  will  be  1160  feet  long.  Sections  of  the  two  dam-sites 
and  profiles  of  the  dams  are  shown  in  Fig.  20L  Sonndings  have  been 
made  over  the  greater  portion  of  the  channel  width,  and  what  is  presumed 
to  be  bed- rock  has  been  found  at  depths  of  9  to  15  feet,  but  for  a  space  of 
50  feet  no  bottom  was  found  with  24-foot  sounding-rods.  As  the  greatest 
depth  to  bed-rock  at  the  diverting-dam  below  was  but  40  feet,  this  depth  lias 
been  assumed  for  the  maximum  of  the  unexplored  50  feet  at  the  upper  site, 
thus  making  the  extreme  height  of  the  dam  160  feet.  The  reservoir  to  be 
closed  by  this  dam  will  be  5  miles  in  length,  flootiing  an  area  of  3200 
acres  and  impounding  108,000  acre-feet.  With  a  dam  of  gravity  profile, 
with  baise  of  124  feet  and  creet  8  feet  wide,  the  volume  of  masonry  required 
is  computed  at  126,650  cubic  yards. 

The  enterprise,  when  completed,  is  expected  to  furnish  water  for 
irrigating  50,000  acres  of  superb  valley  land  that  is  now  an  absoluta 
desert.  A  main  canal  has  been  projected,  25  mile^  in  length,  with  a 
eapacity  of  400  second-feet,  and  some  four  miles  of  the  henviciit  work  was 
eompleteil  from  the  dam  down  the  left  bank  to  the  fKnnt  where  the 
canal  is  intended  to  cross  the  river  by  a  700- foot  flume,  Thib  canal  is  18 
feet  ou  bottom  and  is  to  carry  8  feet  depth  of  water,  on  a  ^rade  uf  2. 1 1 
feet  per  mile.  The  diversion-dam,  upon  which  about  $100.0(10  bad  been 
expended  at  the  time  work  was  suspended  in  the  fall  of  1K95,  wik  have  a 
top  length  of  640  feet,  a  maximum  height  of  SO  feet,  a  top  wlrhb  of  10 
feet,  and  a  base  of  65  feet.  When  finished  it  will  contain  17.'2f>Q 
cubic  yards  of  masonry,  and  wWl  have  cost  in  the  neighborhood  of 
$150,000. 

The  only  apparent  purpose  of  this  dam  wag  to  swve  the  construction 
of  a  conduit,  l{   miles  in  length,  in  the  canyon  between  the  storage- 


280 


RESERVOIRS  FOR  IRRIGATION,  WATER-POWER  ETC. 


dam  proper  and  the  diverting-weir.  The  storage  datn  must  be  built 
before  the  scheme  is  of  any  value,  or  before  there  is  any  water  available 
for  irrigation. 

The  reasons  which  led  to  this  error  in  judgment  were,  first,  a  misappre* 
hension  as  to  the  depth  to  bed-rock  at  the  lower  site.  In  fact,  the  dam  was 
begun  without  a  sufficient  knowledge  of  what  a  great  undertaking  it  was  to 
be.  and  so  much  money  had  been  expended  before  it  was  known  or  suspected 
that  the  extreme  depth  finally  reached  was  to  be  so  great  that  it  was  then 
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Fn.  199. — ^Mbast7rino-box  used  bt  Maclat  Rancho  Watvr  Compaitt. 

too  late  to  abandon  the  work.  The  second  reason  was  the  confident  expecta- 
tion that  the  volume  of  underflow  that  would  be  brought  to  the  surface  of 
the  dam  would  reach  from  *'  500  to  1000  miner's  inches,"  which,  if  real- 
ized, would  have  enabled  the  projectors  to  use  the  canal  at  once  in  the  rec- 
lamation of  the  desert  land  entered  under  the  United  States  Desert  Land 
Act  before  the  main  reservoir  could  be  made  available.  This  '*  underflow'* 
development  was,  however,  a  sore  disappointment,  as  the  flow  when  finally 
secured  amounted  to  less  than  fifteen  miner's  inches,  about  what  had  been 
predicted  by  the  writer  when  consulted  on  the  subject  a  year  or  more 
before. 

Tlie  cross-sectional  area  of  the  two  channels  in  which  the  underflow  was 
passing  beneath  the  surface  is  approximately  as  follows : 

East  Channel 504  square  feet. 

West       ''       2635        ''       *' 

Total 3139       ''       " 

If  the  voids  in  the  coarse  sand  with  which  these  channels  are  filled  could 
be  assumed  to  be  28^  of  the  entire  area,  which  they  are  approximately,  the 
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nta  of  flow  esUbliihed  by  the  diaeharge  of  15  incheB  (0.3  seoond-foot) 
would  be  precifldy  one  mfle  per  umam,  a  Telocity  which  coincides  with  the 
obseirations  of  seyeral  anthoritieB  on  the  late  of  flow  throngh  sand  of  that 
chaiBcter.  It  may  be  noted  in  this  connection  that  the  Tolnme  of  under- 
flow in  sandy  riyers  is  generally  Tastly  smaller  than  the  popular  conception 
of  it,  and  for  this  reason  submerged  dams  for  raising  this  underflow  are 
usually  commercial  failures,  except  where  the  material  of  the  stream-bed  ia 
a  coarse  grayel,  with  little  or  no  fine  sand  intermingled. 


pMamy 


Fig.  201. — Cross-sectionb  of  Aoua  Frta  Dtyerttno-dam  and  oTo&Atifi-KEaBRvoni 

Dah,  Akizona. 

The  masonry  used  in  the  diverting-dam  is  a  rough  rubble,  faced  with 
coursed  ashlar,  mostly  laid  in  a  mortar  of  hydraulic  lime  of  good  quality, 
burned  about  20  miles  from  the  dam.  (See  Figs.  200  and  202.)  For  a 
portion  of  the  work  a  small  amount  of  Portland  cement,  made  in  Colton, 
California,  was  used.  The  rock  was  handled  by  a  Lidgerwood  cableway, 
with  a  span  of  700  feet.  The  excavation  of  foundations,  amounting  to 
about  12,000  cubic  yards,  was  accomplished  by  teams  and  scrapers,  the 
water  being  handled  by  centrifugal  pumps. 

In  October,  1895,  a  flood  came  which  poured  over  the  fresh  masonry 
for  several  hours  to  the  depth  of  8  feet,  and  finally  carried  away  a  section 
too  feet  long,  12  feet  deep,  near  the  west  end.  The  partial  failure  of  the 
wall  is  accounted  for  by  the  fact  that  in  laying  the  masonry  each  course  was 
leveled  off  smoothly  with  mortar,  in  the  fashion  to  which  brick-masons  are 
addicted  in  laying  up  house-walls.  There  was  thus  little  bond  between  the 
courses,  which  is  so  essential  in  dam-work.     A  view  of  the  dam,  taken  from 
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the  canal  bank«  is  shown  in  Fig.  202,  reprodaced  by  permiasion  from  a 
jMqMT  entitled  ''  Irrigation  near  Phoenix,  Arizona,"  by  Arthur  P.  Davis, 
C.E.,  Uydrograpber,  U.  S.  Geological  Sorrey,  being  No.  2  of  the  series  ol 
^  Water-supply  and  Irrigation  Papers,"  from  which  some  of  the  data  for 
the  foregoing  description  are  derived. 

In  addition  to  the  Frog  Tanks  reserroir-site  the  company  have  a  second 
location,  8  miles  higher  up  the  river,  where  the  gorge  is  but  262  feet  wide 
at  the  river-bed,  in  solid  rock,  and  but  500  feet  wide  at  a  height  of  200 
feet.  This  basin  is  said  to  have  a  capacity  of  150,000  acre-feet,  with  a  dam 
150  feet  high.  The  watershed,  which  drains  the  east  slopes  of  the  Brad- 
shaw  Mountains,  reaches  summit  elevations  of  6000  to  8000  feet.  A 
reasonable  estimate  of  rainfall  and  run-off  from  this  shed  is  a  precipitation 
of  16  inches  and  an  annual  run-off  of  15^,  which  would  yield  142,300  acre- 
feet. 

Bterage-reserroirs  for  Water-Sapply  Along  the  Line  of  the  Santa  Y€ 
Paeifle  Bailway  in  Arizona. — The  northern  portion  of  Arizona,  traversed 
by  the  Santa  Fe  Pacific  Railway,  is  an  elevated  plateau  draining  into  the 
Colorado  Canyon  on  the  north,  the  Colorado  River  on  tlie  west,  and  the 
Verde,  Salt,  and  Gila  rivers  on  the  south.  This  region  has  a  maximum 
elevation  of  over  7000  feet  along  the  railway  and  receives  a  greater  precip- 
itation than  the  lower  altitudes  in  the  southern  part  of  the  territory,  but  it 
is  largely  capped  with  volcanic  lava  and  indurated  ash,  through  which  the 
water  from  rain  and  melted  snow  rapidly  sinks  and  disappears.  Living 
springs  and  streams  are  therefore  infrequent,  and  the  water-supply  for  rail- 
way purposes  is  so  unevenly  distributed  as  to  necessitate  the  impounding  of 
flood-waters  in  artificial  reservoirs.  This  necessity  is  chiefly  due  to  the 
general  absence,  in  tlie  valleys  of  that  region,  of  beds  of  coarse  sand  and 
gmvel,  which  constitute  nature's  storage-basins.  The  railway  company,  to 
avoid  haulin;j  water  from  point  to  point  over  this  section  of  the  road,  has 
constnicted  several  substantial  dams  for  storage  purposes  at  convenient 
points  near  the  line  of  the  railway,  all  of  an  interesting  character  in  their 
construction  from  an  engineering  stjindpoint,  although  unimportiint  in  the 
volume  of  \vat(jr  stored  comj)are(l  with  works  located  in  more  favorable 
localities.     These  reservoirs  are  the  following: 


Locality. 

Volume  8lor«»d. 

Hfi{?lit 

of 

T>am. 
Feet. 

Character  of  Dam. 

Elevation 

al)ove 
Stfa-level. 

Cubic  Tv^i. 

Acre-ft. 

Kinfl^an ,  T .  -t 

1ft 

Masonry,  submerged 

Masonry 

Steel 

Masonry 

Masonry 

Seliffinan 

30.651,000 

4.950.000 

14.700.000 

20,708,000 

703 
118.6 
388 
488 

68 
4ft 
40 
70.4 

5384 

AnhFork 

5445 

WilllaiDB 

7000 

Walnut  Canjon 
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The  Kingman  Submerged  Dam. — About  one  mile  west  of  Kingman  the 
railway  company  have  a  well  BUDk  in  the  gravelly  bed  of  Railroad  Ciinyon, 
from  which  they  pump  water  for  filling  their  tank  at  Kingman  to 
supply  the  town,  aa  well  as  the  locomotives  of  the  mil  way.  To  increase 
thia  supply  and  to  furnish  water  by  gravity  to  another  tank  4  miles 
below,  a  masonry  dam  was  bnilt  on  bed-rock  to  intercept  the  underflow  of 
the  stream  and  store  water  in  the  gravel  bed  above  the  dam.  The  dam 
consisted  of  a  slender  masonry  wiill,  2  feet  thick  at  top,  6  feet  tliick  at  base, 
and  16  feet  high,  crossing  the  canyon  from  side  to  side  and  reaching  up 
nearly  to  the  surface  of  the  atream*bed*  A  trench  was  excavated  in  a 
straight  line,  the  dam  was  built,  and  the  gravel  restored  to  its  natural 
position,  so  that  floods  pass  over  its  top  unobstructed.  The  dam  is  thus 
entirely  concealed  from  view\     At  the  northerly  end  of  the  dam  it  wag 


FlO.  203, — BUBMEROED   StORAOB*   AND    DiyERTINO-DAK,    ITEAR    ElNOlfAJV,    ArTZONA. 

necessary  to  tunnel  some  distance  under  the  railway  in  gravelly  formation 
in  order  to  carry  the  masonry  to  the  bed-rock  wall  of  the  catiyon  on  that 
side.  This  tunnel  was  ma^le  12  feet  wide,  30  feet  high,  and  about  'SO  fee* 
Iong»  the  top  of  the  tunnel  being  16  feet  below  the  rails,  A  6-Inch  cast- 
iron  outlet- pipe  is  built  through  the  dam  12  feet  below  the  top,  at  one  side. 
Four  feet  above  the  dam  an  elbow  is  placed,  upturned  vertically,  and  an  8^ 
inch  wronght-iron  stand-pipe  10  feet  long  is  inserted  in  the  elbow,  Thi* 
stand- pip€  is  perforated  with  finch  holes^  placed  ^  inch  apart,  for  straining 
the  water,  the  top  being  capped.  The  gravel  reservoir  is  kept  filled  to  thi 
top  of  the  dam  by  the  natural  underflow,  and  thus  the  town  well  is  sup* 
plied  and  the  lower  tank  automatically  filled  by  gravity,  the  discharge 
being  controlled  by  a  float  Xo  shortage  of  water  has  been  experienced 
since  the  dam  was  built  io  1897.  The  dam  is  173  feet  loug  on  top,  and 
contains  320  cubic  yards  of  masonry,     (See  Fig.  203.) 

The  Seligman  Dam,— This  structure  was  begun  June  35,  1807,  and 
completed  Feb.  28,  1898.  It  is  the  largest  and  most  expensive  of  all  the 
structures  of  its  class  built  by  the  railroad  company.  It  is  located  three 
miles  southeast  of  the  town  of  Seligman,  an  important  division  terminal 
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5104  feet  above  sea^leveL  The  dlmeEsioES  of  the  dam  are  as  follows: 
Length  at  baae,  145  feet;  length  on  cFeat,  643  feet;  height,  68  feet;  thick- 
ness at  base^  47.77  feet;  thickness  3. 1  ft.  below  the  over  flow  or  5,1  ft*  below 
the  crest,  5.14  feet  ^  thickness  at  top,  1*75  laet  It  k  arched  np-stream 
with  a  radius  of  800  feet  from  the  line  of  the  water-face-  The  cublca 
eontenta  are  18^161.4  cubic  yards,  divided  m  foUowi: 

Concrete  in  fouDdation.  - . , 30U     cubic  yards. 

Hough  rubble  in  core 13,fc>43-4      *'        ^* 

DrcAsed  adhkr 3,817.7      '* 

Coping,  * .  * , . . .        20^a      *'        " 

The  work  was  done  by  contract^  the  railway  company  furmehiDg  the 

cement  and  deliveriug  the  stoue,  sand,  and  cement  on  cars  to  the  dam -site. 

the  contriictor  quarrying  and  loading  the  t^toue.     Tht^  rubble  fta-ndstune  \^iis 
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Fig.  204*— Skugmak  Dam,  Ahizoka. 

hauled  43  miles  from  Bof^k  Butte,  on  the  R.  F.,  P.  &  R  R.R.,  the  facing* 
fitone  was  hauled  175  miles  from  Holbrook*  and  the  sand  150  miles  from 
the  Sacramento  Wash,  The  contract  prices  were :  >9  per  yard  for  coping, 
$6.50  per  yard  for  facing,  $4.62  for  nibble,  and  12,81  for  concrete.  The 
total  cost  of  the  dam  was  in  excess  of  ^150,000. 

The  character  of  the  masonry  is  welt  shown  by  the  photograph  (Fig< 
204)  of  the  lower  fiice  during  erection.  Fig. 205  shows  the  water-face  and 
«nd  buttresses*  The  water  appearing  in  the  foregronnd  is  retained  by  a 
low  earth  dam  that  had  been  in  use  for  aotne  time  prior  to  the  construction 
of  the  masonry  dam.     The  center  of  the  dam  is  depressed  two  feet  below 
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the  crest  for  a  distance  of  340  feet,  and  curved  in  the  form  of  the  Begment 
of  a  vertical  parabola  for  the  overflow,  which  is  the  true  fonn  taken  by 
falling  water  pouring  over  a  weir.  The  maximum  capacity  of  this  spillway 
is  3400  second-feet,  Lind  as  the  watershed  tributary  to  the  dam  is  but  18 
square  miles,  the  capacity  provided  m  doubtless  greatly  in  excess  of  what 
will  ever  be  required. 

The  outlets  to  the  reservoir  consist  of  two  8 -inch  cast-iron  pipes,  placed 
6  feet  apart  between  centers,  54  feet  below  the  crest  of  dam,  on  the  north 
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Fia.  205. — »Seligm,in  Dam,  Arizona.     View  of  Upper  Face  during  Construction, 

eide  of  the  ravine^  and  one  of  eimilar  size  on  the  south  side,  used  as  a 
waste-  These  pipes  are  connected  with  vertical  stand-pipes^  inside  the 
reservoir,  standing  10  feet  high  and  6  feet  from  the  face  of  the  dam* 


Fia.  306,— Section  and  Profile  op  Seuguan  D.uc,  Ahuona. 

They  are  of  wrought  iron,  capped  at  top  and  perforated  with  J-inch  holes, 
bored  i  inch  from  center  to  center.  They  form  the  intake,  and  serve  to 
strain  the  water  and  keep  out  trash  from  the  pipes.  Gate- valves  are 
placed  in  each  pipe  at  the  outside  toe  of  the  dam,  and  the  pipes  are  reduced 
below  the  valves  to  6  inches  in. diameter,  where  one  of  them  is  connected 
-with  the  main  pipe  line  leading  to  Seligman,    The  reservoir  is  3000  feet 
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Itrng,  and  caren  an  area  of  25^  mcrm.  Its  mazhnuin  cmpmatj  k  30,651.000 
evbic  fc#t,  or  703  acre-feet,  of  which  one-third  is  in  the  upper  ten  feet. 
The  mwenge  low  by  eTaporation  from  Jannaiy  to  Jane  incInsiTc  was  foand 
to  be  0.03  foot  per  day,  or  an  aniinal  rate  of  10.95  feet.  This  loes^  applied 
to  the  mean  inrface  expoaed,  woald  amount  to  15i  per  cent  of  the  entire 
TOlame  in  80d  daja,  aMoming  an  aTemge  daily  consumption  of  15,000 
eabic  feel  daring  that  time.  A  fall  reserroir  is  therefore  expected  to 
snpirily  120,000  gallons  daily  for  Z^  years,  after  deducting  eTaporation. 
The  catchment  is  somewhat  anreliable,  and  the  reserroir  did  not  receire  any 
water  for  the  first  two  yean  after  it  was  bailt.  Fig.  206  illustrates  the  section 
of  the  canyon  and  the  profile  of  the  dam.  The  fine  appearance  which  the 
immense  mass  of  masonry  presents  inspires  regret  that  it  should  be  hidden 
from  paUic  Tiew  from  passing  trains,  although  it  is  easQy  accessible  to 
those  who  care  to  step  off  at  Seligman  and  inspect  it 

TIm  WiUiama  Dam« — ^The  first  of  the  series  of  dams  for  storage  erected 
bjr  the  railway  company  was  constructed  near  the  town  of  Williams  in 
18M«  It  has  an  extreme  height  of  46  feet,  is  385  feet  long  on  the  crest, 
50  feet  long  at  the  base,  where  its  thickness  is  32  feet.  The  thickness  at 
top  ia  4  feet.  It  is  arched  up-stream  with  a  radius  of  573  feet  from  the 
line  of  the  vertical  water-face.  The  dam  contains  5226  yards  of  masonry 
and  consumed  3640  barrels  of  cement  in  construction.  Its  cost  was 
852,838.  The  dam  has  been  a  serviceable  structure.  The  capacity  of 
the  reservoir  is  110,000,000  gallons.  The  watershed  area  is  not  definitely 
known,  but  is  small. 

Tlie  Walfiitt  Canyon  Dam. — Walnut  Canyon  is  a  tributary  of  the  Little 
Colorado  River,  which  heads  in  Mormon  Mt.  a  little  south  and  east  of 
Flagstaff.  The  watershed  area  above  the  dam  is  126  square  miles,  which 
ordinarily  affords  a  much  greater  run-off  than  the  storage  capacity  of  the 
reservoir.  The  geological  formation  of  the  canyon  walls  at  the  dam-site  is 
sandstone  in  heavy  layers  or  strata  in  nearly  level  l>eds.  The  bottom  of  the 
canyon  was  so  filled  with  d^'rhris  of  earth  and  stone  that  it  was  necessarj"  to 
excavate  28  feet  l>elow  the  surface  to  reach  bed-rock,  on  which  the  dam  was 
erected.  The  width  at  this  pfMnt  was  but  30  feet,  at  the  surface  of  stream- 
bed  120  feet,  and  at  the  top  of  the  dam  268  feet.  The  extreme  height  of 
the  dam  is  77.6  feet.  Its  thickness  at  base  is  01.5  feet  The  water-face  is 
vertical,  while  the  upper  face  has  a  batter  of  7^  inches  to  the  foot  between 
the  vertical  curves  at  top  and  toe.  The  top  is  rounded  in  parabolic  form 
to  a  thickness  of  13  feet  at  a  point  10.4  feet  below  the  crest,  to  form  aa 
easy  overflow  for  surplus  waste  water,  while  at  the  base  the  wall  is  vertical 
for  10  feet,  above  which  is  a  vertical  curve,  tangential  to  the  horizon,  pass- 
ing through  58**  of  arc,  to  a  point  4G.4  feet  below  the  top,  where  the  thick- 
ness is  35.5  feet.  This  design  forms  an  exceedingly  massive  structure  with 
unusually  large  factor  of  safety.     The  dam  is  arched  up-stream  with  a  radius 
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of  the  outlets  in  the  reservoir,  6  feet  from  the  face  of  the  dam.  Outaide, 
the  pipes  are  controlled  by  IQ-inch  Ludlow  gates,  and  are  reduced  to  8 
inches  diameter  below  the  gates.  The  main  pipe-line  from  the  dam  follows 
the  canyon  for  4^  miles  to  the  railroad  crossing,  and  thence  follows  the 
track  easterly  12  miles  further  to  a  tank. 

Fig.  207  in  a  view  of  the  dam  from  below  when  nearly  completed. 
Fig.  208  shows  the  profile  of  the  dam  as  constructed,  and  a  section  of  the 
canyon  at  the  dam-site. 

The  reservoir  was  filled  for  the  first  time  on  the  8th  of  March,  1898,  and 
if  it  had  been  water-tight  should  have  supplied  an  estimated  consumption  of 
60,000  gallons  daily  for  more  than  two  years,  allowing  for  a  daily  evapora- 
tion loss  of  0.03  foot.  The  water,  however,  disappeared  very  rapidly,  and 
by  September  20th  was  all  gone,  having  lasted  but  196  days  instead  of  the 
estimated  356  days.  The  draft  for  consumption  on  the  road  was  not  greater 
than  had  been  assumed  in  the  original  calculation,  and  the  excessive  loss 
could  only  Ije  accountefl  for  by  percolation  through  the  sandstone  or  through 
the  seams  separating  the  underlying  limestone  from  the  sandstone.  It  is 
hoped  that  the  reservoir  will  ultimately  puddle  itself  and  become  tight,  and 
efforts  arc  being  made  to  assist  the  process  by  plowing  and  loosening  clay 
soil  at  points  above.  It  ii  unfortunate  that  the  usefulness  of  such  a  fine 
structure  should  be  curtailed  by  this  unexpected  leakage  in  the  walls  of  the 
reservoir,  but  it  is  j)Ossible  tliat  the  loss  of  water  may  gradually  lessen  and 
finally  cease.  Tliis  experience  illustrates,  however,  one  of  the  vicissitudes 
attending  the  impounding  of  water.  Under  the  most  favorable  conditions 
the  annual  loss  by  evaporation  on  this  reservoir  would  be  nearly  Sbfd  of  the 
volnme  of  storage  oapacity.  No  run-off  was  caught  during  the  summer  of 
1899,  and  in  the  latter  part  of  August  it  was  still  dry.  The  entire  series  of 
reservoir  dams  have  been  coils truoted  under  the  supervision  of  Mr.  R.  B. 
Burns,  Chief  En^rineer,  Santa  Vr  Pacific  Railway,  to  whom  the  writer  is 
indebted  for  the  data  coucerning  the  works  and  the  views  which  illustrate 
them. 

Lynx  Creek  Dam,  Arizona. — This  structure  wa?  located  12  miles  east  of 
Prescott,  Arizona,  and  was  designed  to  impound  water  for  hydraulic  mining 
on  Lynx  Creek,  some  4  miles  below.  It  was  intended  for  an  ultimate  height 
of  50  feet,  and  was  started  with  a  base  of  28  feet.  When  it  liad  reached 
a  heiglit  of  28  feet  on  the  up-stream  side,  the  lower  edge  of  the  crest  being 
2  feet  higher,  it  was  roughly  squared  off  with  the  intention  of  adding  the 
remaining  portion  at  a  later  date,  when  a  sudden  flood  overtopped  the  dam 
and  ruptured  it,  taking  out  about  3o  feet  of  the  masonry  down  to  the  bed- 
rock. The  break  is  shown  by  tlie  view,  Fig.  209,  looking  up-stream.  It 
occurred  in  1891,  and  the  dam  has  never  been  rebuilt.  The  dimensions  of 
the  dam  were  ample  to  withstand  any  overflow  to  be  expected  from  the 
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floods  draining  the  tributary  watershed  of  30  square  miles  of  territory,  from 
5500  to  7500  feet  in  elevation,  had  the  masonry  been  of  reasonably  good 
quality.  The  failure,  therefore,  was  clearly  due  to  poor  workmanship  and 
unsuitable  materials.  The  dam  was  150  feet  lon^  on  crest,  and  was  built 
with  a  central  angle  of  about  165°  opposed  to  the  direction  of  the  current, 
the  up-stream  face  being  vertical.  The  wall  consisted  of  a  thin  facing  of 
hand-laid  masonry,  not  over  one  foot  thick,  the  core  being  filled  with  a  weak 
concrete  of  fine  gravel,  stone,  spawls,  and  sand.  The  section  of  the  dam  as 
constructed  is  clearly  seen  from  the  photograph  (Fig.  210).  Considerable 
lime  was  used  with  the  cement,  which  was  of  poor  quality,  and  the  concrete, 
though  ten  years  old,  possesses  so  little  cohesion  that  it  may  be  crumbled 
with  a  light  touch.  The  cement  used  averaged  but  1  barrel  to  6  cubio 
yards  of  masonry.  The  failure  of  the  dam,  under  all  the  circumstances, 
might  have  been  anticipated.  It  is  referred  to  here  merely  as  an  example 
to  illustrate  the  natural  consequences  that  must  follow  any  carelessness  or 
lack  of  attention  to  proper  selection  of  materials  and  skill  of  construction 
in  masonry  or  concrete  dams  that  must  withstand  the  erosive  action  of 
floods  as  well  as  normal  water-pressure. 

Conorete  Dams  of  Portland,  Oregon. — Among  recent  constructions  of 
concrete  masonry  three  dams  designed  and  erected  by  the  author  for  the 
water- works  of  Portland,  Oregon,  in  1894,  may  be  classed  as  worthy  of  note. 
They  were  built  for  the  purpose  of  forming  distributing  reservoirs,  and  were 
located  across  natural  ravines,  or  embayments  in  the  hills,  the  reservoir  space 
being  largely  augmented  by  excavation,  and  the  slopes  covered  with  a  lining 
of  concrete.  One  of  these  dams,  shown  in  Fig.  21 1,  closes  reservoir  No.  1 
on  the  side  of  Mount  Tabor,  and  is  35  feet  high,  300  feet  long,  with  a  base 
of  18  feet  and  top  width  of  6  feet.  The  reservoir  capacity  is  12,000,000 
gallons.  Behind  the  dam  the  material  excavated  from  the  reservoir  was 
placed,  forming  a  heavy  embankment  whose  top  width  is  100  feet.  This  is 
such  an  immovable  barrier  that  the  chief  function  of  the  concrete  wall  is  to 
act  as  a  retaining-wall  for  the  inner  slope  of  the  earth-fill,  and  to  form  a 
part  of  the  reservoir  lining.  The  reservoir  receives  the  water  delivered  by  a 
steel-pipe  line  24  miles  long,  amounting  at  maximum  capacity  to  22,400,000 
gallons  daily,  and  distributes  it  to  three  other  reservoirs,  one  of  wliich  is  but 
2000  feet  distant,  shown  in  the  photograph  Fig.  216,  and  the  other  two  are 
five  miles  away,  across  the  Willamette  Biver,  and  designated  as  reservoirs  3 
and  4  (Fig.  213).  Reservoir  No.  3,  high  service,  has  a  dam  200  feet  long  which 
is  arched  up-stream  with  a  radius  of  300  feet.  Its  height  is  60  feet,  base  40 
feet,  top  width  15.5  feet,  carrying  on  its  crest  a  driveway  of  the  City  Park,  in 
which  it  is  located.  This  is  the  only  dam  of  the  three  which  is  curved,  and 
the  only  one  which  does  not  exhibit  some  slight  expansion-cracks.  The  dam 
forming  reservoir  No.  4,  low  service,  is  50  feet  high,  350  feet  long,  and  40 
feet  wide  at  base.      The  faces  of  these  two  dams,  botli  of  which  are  in  the 


Fio.  214,— Concrete  Dam  at  RESEFVora  No.  3,  PobtlanDj  Oregon,  Watekwoeks, 
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Fto.  215. — Concrete  Dam  of  KEaErtvom  No.  4,  Portland,  Ohegon.,  Waterworks* 


Fla.  216.*-Reservoie  No.  2,  PoRTL,4?n>,  Oregon,  Wathrworks,  SHowuiG  Aeratioii 
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City  Parky  are  moulded  and  chiseled  to  resemble  stone,  and  considerable 
ornamentation  has  been  done  on  the  parapets  and  about  the  gate-houses,  as 
shown  in  Fig.  213,  to  which  the  concrete  and  iron  construction  lends  itself 
to  good  advantage.  It  is  needless  to  add  that  the  dams  of  the  dimensions 
given  are  of  safe  gravity  profile,  with  ample  factors  of  safety. 

Basin  Creek  Dam,  Montana. — This  dam  was  built  in  1803-95  to  impound 
water  for  a  portion  of  the  domestic  supply  of  the  city  of  Butte,  Montana, 
and  is  located  13  miles  south  of  the  city,  on  Basin  Creek.  It  was  designed 
by  Chester  B.  Davis,  M.  Am.  Soc.  C.  E.,  and  constructed  under  direction 
of  Eugene  Carroll,  C.E.,  Chief  Engineer.  The  construction  was  described 
in  Engineering  News,  December  17,  1892,  Aug.  7,  1893,  and  Sept.  5,  1895, 
in  communications  prepared  by  these  engineers,  from  which  the  following 
data  have  been  taken.  The  dam  is  constructed  of  large  stone,  with  spaces 
thoroughly  filled  with  concrete,  made  of  crushed  granite  3  parts,  sand  3 
parts,  and  Yankton  Portland  cement  1  part.  It  was  designed  for  an 
ultimate  height  of  120  feet  above  the  lowest  foundation,  assumed  to  be  at 
elevation  6780  feet  above  sea-level,  or  30  feet  below  stream-bed,  and  was 
curved  up-stream  with  a  radius  of  350  feet  from  its  water-face.  The  thick- 
ness at  base  was  to  be  83  feet,  and  at  top  10  feet  ;  up-stream  face  vertical. 
At  full  height  it  would  impound  about  1,000,000,000  gallons  (3069  acre- 
feet),  covering  an  area  of  130  acres  to  a  mean  depth  of  23.6  feet.  The  di;m 
was  not  completed  higher  than  to  the  5860-foot  contour,  or  40  feet  below 
the  projected  crest,  although  its  actual  maximum  height  is  88  feet,  of 
which  28  feet  is  below  the  stream-bed  level,  and  it  now  can  impound 
200,000,000  gallons.  The  contents  of  the  dam  are  11,500  cubic  yards  of 
masonry.  Its  top  lengtli  is  259  feet.  Three  '-O-iiich  pipes  are  laid  through 
the  dam  at  its  center,  at  the  creek-bed  level,  two  of  wiiich  are  used  for  blow- 
oflf.  These  pipes  are  controlled  by  plain  cover-valves,  resting  on  upturned 
elbows  inside  the  diiin.  and  raised  l>y  a  windlass  from  the  top.  (late-valves 
on  the  pipes  below  tlie  dam  give  secondary  control. 

The  materials  of  construction  were  liauled  by  a  Lidgerwood  cableway, 
with  a  clear  span  of  892  feet,  the  main  cable  being  2 J  inches  diameter,  sus- 
pended 60  feet  higher  than  the  l?0-foot  crest-line.  This  cableway  crossed 
over  the  quarry,  and  was  stretched  on  the  chord  of  the  inner  face  of  the 
dam.  The  loads  were  swung  either  side  of  this  line  by  usiti2^  a  single  horse 
pulling  from  a  rope  attached  to  the  load  and  leading  b;ick  over  a  sheave  to 
a  snubbing-post.  The  limited  space  made  the  use  of  derricks  for  this 
purpose  inconvenient.  For  a  distance  of  9  miles  from  the  dam  the  main 
conduit  to  the  city  consists  of  a  wooden-stave  pii)e,  24  inches  in  diameter, 
built  by  the  Excelsior  Wood-stave  Pipe  Co.  of  San  Francisco,  of  which 
Mr.  D.  C.  Henny,  now  supervising  Engr.  U.  S.  Rec.  Ser\nce.  was  manager 
and  engineer. 

High  Pressure  Mining  Dams. — A  curiosity  in  the  line  of  masonry 
dams  is  the  one  built  in  the  Curry  mine,  at  Norway,  Michigan,  to  close 
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a  drift  6  feet  wide,  7i  feet  high,  and  thereby  cut  off  &  troublesome  stream 
of  water.  It  was  built  of  saudstone,  arched  against  the  direction  of  the 
pressure,  with  a  thickness  of  10  feet,  and  laid  in  Hilton-cement  mortar,  m 
the  proportion  of  1  to  2  of  sand*  The  dam  (Fig,  217)  is  nearly  SOO  feet  below 
the  surface,  and  when  the  water  fills  behind  it  ia  subjected  to  a  pressure 
of  277  lbs,  to  the  square  inch,  equal  to  a  static  head  of  640  feet,  or  a  total 
pressure  against  the  dam  of  over  800  tons.  The  dam  wa^  designed  and 
built  by  Wm.  Kelly,  M.  Am.  Inst,  M.   E.,  and  the  most  extraordi- 
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nary  precedent  on  record  of  masonry  under  such  extremely  high  pressure- 
It  was  made  practically  water-tight  by  building  a  brick  wall,  22  Inches 
thick,  26  inches  above  tlie  face  of  the  dam,  filling  the  intermediate  ispace 
with  concrete^  and  placing  a  quantity  of  horse-manure  against  the  brick- 
work, which  was  held  in  position  by  a  plank  partition  or  bulkhead.  When 
finally  tcBted  the  leakage  wits  but  7  gallons  per  minute.  The  dam  cost 
#484.2^.     (See  Engimering  News,  Dec.  16,  1897.) 
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High-head  Dams  in  Chapin  Mine,  Michigan. — Subsequent  to  the 
construction  of  this  dam,  two  others  of  similar  character  and  purpose^ 
but  under  still  higher  pressure,  were  built  in  the  Chapin  Mine, 
Michigan. 

One  of  these,  on  the  east  branch  of  the  twelfth  level,  is  at  a  depth 
of  960  feet  from  the  surface,  and  resists  a  pressure  of  355  pounds  per 
square  inch,  equal  to  a  head  of  816  feet.  The  dam  was  made  in  the 
form  of  a  circular  arch,  6  feet  in  thickness,  with  an  inner  radius  of  7.3 
feet.  It  is  set  into  deep  skewbacks,  cut  into  the  walls  of  limestone 
surrounding  it,  and  is  formed  of  blocks  of  sandstone,  laid  in  1 :2  cement 
mortar.  This  was  backed  up  by  concrete  5  feet  in  thickness  on  the 
crowning  side  of  the  arch.  A  3-inch  extra  heavy  pipe  with  gate- 
valve  passes  through  the  dam.  The  total  load  upon  the  dam  is  1840 
tons. 

The  second  dam,  in  the  west  branch  of  the  twelfth  level  tunnel,  ia 
under  the  same  head,  but  being  slightly  higher  withstands  a  total  load 
of  over  2500  tons.  It  is  a  simple  plug  of  concrete,  20  feet  long,  about 
10X10  feet  in  size,  with  an  8-inch  outlet-pipe  passing  through  it.  The 
concrete  is  braced  on  the  outer  face  by  two  heavy  vertical  girders  of 
steel,  behind  five  horizontal  steel  rails  of  heavy  weight,  all  cemented 
into  off-sets  or  recesses  cut  into  the  walls  of  the  tunnel.  The  drift  is 
10  feet  wide  by  about  the  Scame  height. 

The  New  Croton  Dam,  New  York.  (Fig.  218.) — It  is  perhaps  appro- 
priate that  the  commercial  metropolis  of  the  United  States  should  have 
the  highest  dam  in  the  world,  embodying  the  most  enormous  mass  of 
masonry  in  existence,  and  costing  more  money  than  any  dam  ever 
built.  The  dam  occupied  fourteen  years  in  construction,  having 
been  begun  September,  20,  1892,  and  completed  January  1,  1907,  at 
a  total  cost  of  $7,03 1,18'). 09,  which  included  the  construction  of  20 
miles  of  nc\v  highway  and  tlic  reinforcing  of  3  miles  of  the  old  Croton 
aqueduct. 

The  excavation  for  the  foundations  involved  the  removal  of  1,821,400 
cubic  yards  of  earth  and  400,250  cubic  yards  of  rock.  The  masonry 
in  the  structure  has  a  total  volume  of  855,0CK)  cubic  yards. 

The  darn  has  a  maximum  height  of  297  feet  above  the  lowest  founda- 
tions, a  base  width  of  290  feet  at  the  level  of  131  feet  below  the  original 
river-bed,  and  a  length  of  2200  feet  on  the  crest,  including  a  masonry 
waste-w^eir  1000  feet  in  length.  The  width  on  the  crest  is  18  feet  at  a 
height  of  14  feet  above  the  spillway  level,  but  a  roadway  19.5  feet  wide 
is  carried  over  the  top  of  the  dam  by  corbeling  out  near  the  top  to  get 
the  necessary  width,  which  is  accomplished  by  a  series  of  ornamentc^ 
arches,  which  greatly  add  to  the  architectural  effect.  The  area  of  the 
reservoir  formed  by  the  dam  is  about  3360  acres,  and  its  capacity  is. 
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about  180,000  acre- feet.    The  average  cost  per  unit  of  storage  is  there- 
fore about  $42  per  acre-foot» 

The  dam  was  designeci  by  the  late  Alphonse  Fteley,  Past  President 
Am.  Soc*  C;  E,,  who  carried  on  construction  for  nearly  eight  years,  until 
January  1,  1900,  when  he  resigned  and  was  succeeded  by  W.  R.  Hillp 
M.  Am.  Soc.  C»  E*  After  the  resignation  of  Mr,  Hill  as  rhief  engineer 
of  the  Aqueduct  Commission,  J.  Waldo  Smith,  M.  Am.  Soc.  C,  E,,  was 
appointed  and  served  for  two  years,  succeeded  by  Walter  H.  Sears, 
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M.  Ara,  Soc,  C,  E*     The  work  was  directly  supervised  for  the  first  twelve 
years  by  Chas.  S.  Gowen,  M.  Am.  Soe.  C.  E.,  as  division  engineer. 

fhc  Cross  River  Dam,  Hew  York  (Figs,  219  and  220).— The 
Aqueduct  Commission  of  New  York  City  have  under  construction  and 
practically  completed  a  high  masonry  dam  for  storage  of  water  on  Cross 
River,  a  branch  of  the  Croton  River,  near  Katonah,  N.  Y.,  to  the  extent 
of  a  total  capacity  of  9,000,000,000  gallons  (27,540  acre-feet)  at  a  cost 
under  the  contract  awarded  to  MacArthar  Bros.  Company  and  Winston 
&Co.  of  $1,246,211.60, 
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The  dam  will  have  a  maximum  height  of  170  feet  above  the  founda- 
tion, and  a  crest  length  of  772  feet.  The  width  on  top  is  23  feet,  and 
at  base  127 J  feet.  The  total  volume  of  the  masonry  is  computed  at 
155,000  cubic  yards.  It  consists  of  cyclopean  nibble,  laid  between 
facing  walls  of  concrete  blocks,  2  to  3  feet  wide,  3  feet  in  depth  at  bottom 
courses,  diminishing  to  2  feet  at  the  top<  The  concrete  of  those  blocks 
is  mixed  in  the  proportions  of  1  of  cement,  2.3  Band,  and  4,7  broken  stone, 
moulded  in  steel-faced  moulds  to  produce  a  smooth  surface.  These 
blocks  are  set  in  rich  mortar,  consisting  of  1  of  cement  to  2.5  of 
sand  and  pointed  with  1:1  mortar.  The  blocks  have  a  maximum 
weight  of  6  tons.  The  concrete  of  the  heart  of  the  dam  is  mixed 
in  the  proportion  of  1;3.2;5.S  into  which  large  blocks  of  stone  are 
imbedded. 

The  work  was  constructed  under  the  charge  of  Walter  H,  Sears, 
M.  Am.  Soc.  C.  E.  J,  Waldo  Smith,  M,  Am,  Soc,  C*  E.,  is  chief  en- 
gineer of  the  Aqueduct  Commission,  Prof.  Wm,  H,  Burr,  consulting 
engineer. 

The  profile  of  the  dam  is  shown  on  Plate  No.  3,  At  its  southerly 
end  it  is  continued  by  an  earth  embankment  with  masonry  core^wall 
150  feet  long,  while  at  the  northerly  end  is  located  a  spillway  constructed 
along  the  hillside  a  distance  of  240  feet. 

The  Croton  FaUs  Dam,  New  York. — ^Quite  similar  in  d^ign  and 
height  to  the  Cross  River  dam  is  the  structure  also  being  built  by  the 
Aqueduct  Commission  of  New  York  City  on  the  west  branch  of  Croton 
River,  near  Croton  Falls,  N.  Y.  The  dam  will  have  the  same  profile 
and  crest  width,  but  its  length  will  be  1095  feet,  terminating  at  the 
north  end  with  an  abutment  from  which  an  earth  dam  with  masonry 
cure- wall  will  be  continued  100  feet  further.  The  spillway  is  to  be 
700  feet  long,  constructed  along  the  hiUside  nearly  at  right  angles  to 
the  direction  of  the  dam, 

Mr.  Walter  H,  Sears  is  also  chief  engineer  of  this  work.  The 
reservoir  will  have  a  capacity  of  14,000,000,000  gallons  (42,840  acre- 
feet). 

Spier  FaHs  Dam>  Hew  York*^The  Hudson  River  Water-Power 
Company  in  1900  to  1905  constructed  a  high  maeonry  dam  across  the 
Hudson  River,  9  mil^  above  Glen  Falls,  N.  Y.,  having  a  height  of  154 
feet,  a  base  width  of  112  feet,  and  a  thickness  of  17  feet  at  top,  which 
is  10  feet  above  the  full  reservoir  level.  At  the  original  surface,  which 
is  64  feet  above  the  lowest  foundation,  the  thickness  is  74.1  feet.  The 
up-stream  side  is  vertical  for  41  feet  from  the  top,  thence  batters  5.7% 
to  the  bottom.  On  the  down-stream  side  it  is  vertical  for  4  feet,  where 
a  vertical  cur\'e  of  81.74  feet  radius  continues  58.4  feet  further,  to  where 
a  batter  of  1  to  L045  begins.    From  the  original  ground  level  to  the 
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base  the  slope  is  65%.  The  main  dam,  a  section  of  which  is  shown  in 
Plate  III,  extends  across  the  river  channel  a  length  of  552  feet.  This 
is  continued  by  an  overflow  rollway  weir  section  in  masonry  817  feet 
long,  10  feet  lower  than  the  crest  of  the  main  dam.  The  total  volume 
of  masonry  was  180,000  cubic  yards.  It  is  of  the  class  known  as  cyclopean 
masonry,  composed  of  large  blocks  of  granite  imbedded  in  a  mortar  of 
concrete,  comprising  about  30%  of  the  mass. 
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Fio.  221. — Spier  Falls  Dam,  N.  Y.  Profiles  of  overfal'.  and  A)UTment 

Sections. 

The  dam  creates  a  reservoir  5.5  miles  long,  from  which  a  power- 
head  of  80  feet  is  derived,  furnishing  20,000  H.P.  at  the  minimum  low 
water. 

The  dam  was  built  under  the  supervision  of  Mr.  Charles  F.  Parsons, 
chief  engineer. 

The  Ithaca  Dam,  New  York  (Figs.  222  and  223).— One  of  the 
curiosities  of  recent  dam  construction  is  situated  two  miles  from  the 
city  of  Ithaca,  on  Six-Mile  Creek,  in  a  narrow  rock  gorge,  with  vertical 
walls  but  90  feet  apart.  The  dam  was  designed  by  Prof.  Gardner  S. 
Williams,  M.  Am.  Soc.  C.  E.,  of  Cornell  University,  who  was  inspired 
by  the  narrowness  of  the  site  to  attempt  a  structure  of  most  unusual 
slendemess  and  peculiar  form. 

It  was  intended  to  be  90  feet  in  height,  with  a  radius  of  57.75  feet 
on  the  down-stream  face,  in  the  shape  of  a  section  of  a  spherical  shell, 
with  overhanging  crest.  In  deference  to  popular  distrust  of  the  safety 
of  the  structure,  it  was  finally  reduced  to  the  height  of  30  feet  above 
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base,  and  finished  off  with  an  up-stream  batter  of  45°  and  a  top  thick- 
ness of  1  foot-  The  maximum  thickness  is  7.75  feet.  The  dam  is  com- 
posed of  concrete,  mixed  in  the  proportion  of  1  part  cement,  2  parts 
sand,  2  parts  gravel,  and  2  parts  broken  stone,  crujshed  to  pass  a  4-inch 
ring.  The  concrete  was  placed  between  thin  walls  of  vitrified  paving- 
brick,  laid  in  a  single  course  on  each  face,  in  cement  mortar  anchored 
into  the  bod}'  of  the  concrete  by  flat  steel  bolts,  liXtX7  inches,  turned 
up  4  inch  at  each  end  and  placed  at  every  fifth  brick  in  every  fifth  course. 
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Fm.  222.— Ithaca  Dam,  New  York,  Tllustrattko  Concrete  Construction 
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Inside  the  brick  facings  is  a  layer  of  rich  cement  mortar,  3  inches  thick, 
in  which  are  imbedded  bands  of  steel,  3  inches  \vide,  J  inch  thick,  placed 
4  feet  apart,  extending  entirely  around  the  structure,  and  tied  through 
the  dam  every  4  feet  by  |-inch  steel  rods,  having  a  nut  on  each  side 
of  the  bands*  Over  the  steel  frame  thus  formed  is  a  wire  netting  with 
4-inch  mesh  imbedded  in  the  mortar. 

The  dam  cost  $25,000  and  required  the  following  quantities:  Exca- 
vation, 500  cubic  yards;  concrete,  1000  cubic  yards;  brick,  120,000 
(240  cubic  yards);  steel,  5000  pounds;  cement,  1800  barrels.  All 
concrete  was  put  in  very  wet.  The  brick  walls  were  laid  flat,  3  to  4  feet 
in  advance  of  the  concrete  and  obviated  the  use  of  other  forms. 
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The  structure  was  built  for  the  Ithaca  Water  Co.  to  provide  storage 
for  city  supply  from  an  area  of  48  square  miles. 

The  Ashokan  Dam,  New  York. — ^The  City  of  Greater  New  York  is 
engaged  in  the  most  costly  work  ever  undertaken  by  a  municipality 
for  the  increase  of  its  waternsupply  to  the  extent  of  500,000,000  gallons 
daily  by  [the  gathering  of  water  in  huge  reservoirs  in  the  Catskill 
Moun-tains,   to  be  conveyed  by  an    aqueduct   of   enormous   size^  82 
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Fig.  223. — Itiiaca  Concrete-bricx  Faced  Dam.     Sections  of  Dam  as  Planned. 


miles  long,  to  the  city.     The  works  arc  estimated  to  cost  upwards  of 
$162,000,000. 

The  principal  reservoir,  called  the  Ashokan  reservoir,  w^ill  cover  an 
area  of  8300  acres,  and  have  a  capacity  of  368,030  acre-feet.  Its  max- 
imum depth  will  be  180  feet,  and  its  mean  depth  45  feet,  or  25%  of  the 
maximum.  It  will  receive  its  supply  from  the  run-off  of  255  square 
miles  of  watershed  area.  A  masonry  dam  to  contain  884,000  cubic 
yards  of  masonr}%  called  the  Olive  Bridge  dam,  is  to  be  erected,  and  in 
addition  there  are  required  five  earth  dams  or  dikes  to  complete  the 
inclosure  of  the  basin,  involving  the  handling  of  about  7,000,000  cubic 
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yards  of  earth.  The  excavation  required  for  these  structures  is  enor* 
mous  in  quantity,  amounting  to  1,910,000  cubic  yards  ot  earth,  and 
425,000  cubic  yards  of  rock.  The  specifications  require  all  of  the  work 
to  be  completed  in  eighty-four  months. 

Bids  were  received  for  this  work  August  6^  1907,  The  lowest  bidder 
was  the  John  Peirce  Company  of  New  York  in  the  aggregate  sum  of 
$10,315,350,  but  the  contract  was  awarded  to  the  next  bidders,  Mac- 
Arthur  Bros.  Co,  and  Winston  &  Co.,  for  $12,660,775,  on  the  reeora- 
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mendation  of  the  Chief  Engineer,  J*  Waldo  Smith,  M.  Am.  Soc.  C.  E., 
and  the  Board  of  Consulting  Engineers,  Messrs.  John  R.  Freeman,  Frederic 
P,  Stearns,  and  Wm.  IL  Burr,  M.  M.  Am,  Soc,  C.  E.,  on  the  ground  that 
the  lowest  bid  was  below  cost  in  the  earthwork  portion.  The  data  of 
actual  construction  cost  kept  during  the  first  year  of  the  work  under  the 
contract  as  awarded  are  said  to  justify  the  recommendation  of  the  board 
of  engineers. 

The  Olive  Bridge  dam,  with  crest  elevation  of  610  feet,  will  con* 
sist  of  a  central  masonry  structure,  1000  feet  long,  straight  in  plan, 
with  an  earth  dam  on  the  same  line,  2100  feet  long  on  the  north  side^ 
and  a  south  wing  of  1540  feet  length.  These  embankments  will  have 
concrete  core-walls  reaching  to  elevation  596,  or  6  feet  above  the  flow 
line  of  the  r^ervoir. 
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The  masonry  structure  will  be  built  of  cyclopean    rubble  masomy 
between  face  walls  of  large  concrete  blocks,  and  will  have  a  maximum 

height  of  220  feet,  a  base  of  190.2  feet, 
and  a  top  width  of  23  feet  below  the 
coping.  It  will  carry  a  roadway,  for 
which  the  top  is  corbeled  out  to  an 
extreme  width  of  26  feet  4  inches. 

One  of  the  special  features  of  the 
design,  which  shows  an  inclination  to 
follow  the  precedents  established  by 
German  engineers,  is  the  elaborate  pro- 
vision made  for  drainage  of  the  masonry 
by  building  inspection  galleries  at  the 
water-line  and  near  the  bottom  running 
the  entire  length  of  the  dam,  and  con- 
nected by  vertical  or  slightly  inclined 
porous  concrete  drain-pipes,  at  intervals 
of  about  11  feet. 

By  this  means  all  possibility  ,of  up- 
ward pressure  upon  the  base  of  the 
dam  or  any  portion  above  the  base 
through  the  transmission  of  pressure 
by  communication  seams  or  cracks  or 
open  joints  from  the  reservoir,  will  be 
avoided,  and  any  water  that  may  find 
passage  through  the  face  will  be  inter- 
cepted and  drained  away.  The  design- 
ing engineer  was  Mr.  C.  E.  Gregory;  Mr. 
Benj.  S.  Wcver  is  assistant  engineer  in 
charge,  and  Mr.  Alfred  D.  Flinn,  depart- 
ment engineer. 

The  precedent  established  at  the 
Wachusett  reservoir  of  stripping  all  sur- 
lace  soil  from  the  basin  was  not  fol- 
lowed in  this  case,  but  after  investigation 
was  declared  to  be  an  unnecessary  ex- 
pense. 
The  Titicus  Dam,  New  York. — This  structure  is  a  part  of  the  system  of 
storage  for  the  supply  of  New  York  City,  and  was  built  in  1890  to  1895,  at 
a  cost  of  $933,065.  It  resembles  the  New  Croton  Dam  in  general  design, 
in  that  it  is  a  combination  of  masonry  and  earth,  the  higher  portion  in  the 
center  of  the  valley  consisting  of  masonry,  flanked  on  either  side  by  earthen 
embankments,  provided  with  a  central  core-wall  of  masonry.    The  main 
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masonry  dam  is  136  feet  high  above  foundation,  109  feet  high  ahOTe  origiaal 
sarf»ce»  75.2  feet  thick  at  the  level  of  the  atreaui-bed,  ::;0:7  feet  thick  ut  top, 
and  534  feet  long.  The  earthen  dams  are  73:^  and  1353  feet  long,  respectively, 
the  total  length  of  dam  being  1510  feet.  A  waste- weir,  200  feet  long,  bnilt 
in  steps  oa  the  lower  side,  is  carried  over  a  portion  of  the  nmin  masonry 
dam*  The  mtisonry  consists  of  rough  rubble,  faced  on  either  side  with  cut 
atone,  hiid  in  regular  courses.  The  earthen  dam  is  d  feet  higher  than  the 
crest  of  the  spillway.  It  is  3a  feet  wide  on  top,  with  elopes  of  2^  to  1, 
The  core- wall  i&  of  rubble  mason ry*  5  feet  on  top  and  17  feet  thick  at  a 
depth  of  98  feet.  It  reaches  to  a  muximum  height  of  124  feet  above  base. 
The  greatest  depth  of  water  is  105  feet.  The  dam  was  planned  by  A. 
Fteley,  Chief  Engineer,  and  construction  w^as  originally  in  charge  of  Charlea 
y.  Ciowen,  wlio  was  subsequently  succeeded  by  Alfred  Craven  as  Division 
Engineer,  aud  M,  K  Rid gway.  Assistant  Engineer. 

The  Sodom  Dam,  Kew  York.— This  ja  a  purely  masonry  strncture,  built 
across  the  east  branch  of  the  Croton  River  in  1B8S-93,  by  tlie  Aqueduct 
Comnii^iiou  of  New  York,  and,  in  coiineetion  witli  the  Bog  Brook  dams  1 
and  2,  forms  what  is  known  as  ''Double  Reservoir  L*'  The  reservoirs  were 
connected  by  a  tunnel,  1788  feet  long,  by  whicli  t!je  surplus  water  from  the 
Soiloni  dam  is  made  to  supply  the  other  reservoir,  whose  watershed  was  bnt 
tJ.5  j^quare  miles,  while  that  tributary  to  the  Sodom  reservoir  was  VSA  square 
miles.  The  tunnel  thus  equalizes  the  supply  from  the  two  watersheds.  The 
combined  storage  ca[>acity  of  the  two  reservoirs  is  about  0,500,000,000  gal- 
lons. The  Soilom  dam  is  500  feet  long  on  top,  9S  feet  high  above  founda* 
tiou,  78  feet  above  stream -bed,  and  the  masonry  has  a  bottom  thickness  of 
53  feet,  and  is  12  feet  wide  at  top.  It  contains  35,887  cubic  yards  of  rnbhle 
masonry,  chiefly  laid  in  Portland-cement  mortar,  mixed  2  to  1  and  3  to  1. 
A  continuation  of  the  mjisoury  dam  is  carried  along  tlie  crest  of  the  ridge, 
nearly  at  right  angles  to  tlie  wall,  in  the  form  of  an  earthen  embankment,  9 
feet  high,  600  feet  long.  In  extension  of  this  bank  is  a  mason rj^  overllow,  8 
feet  high,  500  feet  long. 

The  coat  of  the  dam  was  $366,490.  It  wiia  planned  by  Chief  Engineer 
Fteley,  and  constructed  by  Geo.  B.  Burbank,  Division  Engineer,  and  Walter 
McCulloh,  Assistant,  later  Division  Engineer.  An  interesting  account  of 
the  dam  is  to  be  found  in  a  [mper  preparefl  for  the  American  Society  of  Civil 
Engineers  in  March,  1893,  by  Mr.  McCulloh,  from  which  it  appears  to  be 
one  of  the  few  masonry  dams  that  were  quite  water-tight  from  the  first  filling 
of  the  reservoir,  although  "sweating"  appeal's  at  several  points  on  the  lower 
face.  The  dam  was  built  by  the  aid  of  a  2- inch  cableway,  stretched  along 
its  axis,  with  a  span  of  667  feet  between  towers.  The  Sodom  reservoir 
covers  an  area  of  574.9  acres  and  impounds  4,883,000,000  gallons.  The 
Bog  Brook  reservoir,  with  which  it  is  connected,  floods  a  surface  area  of 
410.4  acres.     The  Bog  Brook  dams  are  of  earth  with  masonry  core.     Dam 
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No.  1  is  60  feet  high  and  holds  54  feet  maximnm  depth  of  water.  It  is  21 
feet  wide  on  top.  The  core- wall  is  10  feet  thick  at  base,  6  feet  at  top.  Dam 
No.  2  is  25  feet  high.     The  cost  of  the  two  dams  was  1510,430. 

The  Boyd's  Comer  Dam,  Hew  York. — ^In  1866  the  Croton  Aqueduct 
Board  of  New  York  began  a  masonry  dam  near  Boyd's  Corners,  on  the  west 
branch  of  Croton  River,  which  was  completed  in  1872.  The  dam  contains 
27,000  cubic  yards  of  masonry,  of  which  21,000  yards  are  concrete  hearting 
and  6000  yards  are  cut-stone  facings.  The  dam  has  a  maximum  height  of 
78  feet,  is  670  feet  long  on  top,  200  feet  long  at  level  of  stream-bed,  53.6 
feet  thick  at  base,  8.6  feet  at  top.  The  base  is  laid  with  a  batter  of  ^  to  1 
on  each  side  to  the  original  stream-level,  60  feet  below  the  crest,  where  an 
ofiFset  of  1.5  feet  was  made  on  each  side,  and  the  dam  was  then  carried  up 
vertically  on  the  water- face,  and  given  a  batter  of  0.4  to  1  on  the  lower  side. 
The  reservoir  covers  27d  acres  and  impounds  2,722,700,000  gallons  of 
water. 

The  Indian  River  Dam,  Hew  York. —This  important  structure  was 
erected  in  1898  for  increasing  the  size  of  Indian  Lake  and  thus  store  water 
to  supply  the  Champlain  Canal,  to  add  to  the  water-power,  and  to  improve 
the  navigation  of  Hudson  Biver.  It  is  located  in  Hamilton  County  in  the 
northern  part  of  New  York  State,  on  a  tributary  of  the  Hudson,  at  an 
elevation  of  1655  feet  at  the  high-water  line.  The  dam  is  a  combination 
masonry  and  earth  structure,  straight  in  plan,  the  masonry  portion  being 
47  feet  in  extreme  height,  having  a  base  width  of  33  feet,  a  thickness  on 
crest  of  7  feet,  and  a  total  length  of  207  feet.  The  earth  embankment  is 
a  continuation  of  the  masonry,  200  feet  long,  15  feet  wide  on  top,  with 
inner  slopes  of  2^  to  1,  paved  with  12  inches  of  stone  riprap.  The  outer 
slope  is  2  to  1.  Through  the  center  is  a  core- wall  of  masonry,  4  feet  thick 
at  base,  2  feet  at  top,  reacliing  to  within  2  feet  of  the  crest  of  the  embank- 
ment. The  end  of  the  embankment  next  the  dam  is  supported  on  the 
down-stream  side  by  a  masonry  spiir-wall  at  right  angles  to  the  dam.  The 
embankment  rests  on  liard-pan,  into  which  the  core-wall  is  carried  down 
uniformly  4  feet  thick  to  depths  of  8  to  20  feet,  filling  the  trench  cut 
for  it. 

On  the  opposite  or  west  end  of  the  dam  a  spillway  was  excavated  in 
granite,  having  an  effective  length  of  106.5  feet  and  a  depth  of  0  feet,  to 
the  bottom  of  the  floor-stringers  of  the  foot-bridge  which  spans  it  and 
which  rests  on  five  masonry  piers.  The  capacity  of  discharge  is  estimated  at 
5000  second-feet.  The  coping  is  made  of  large,  selected  stones  firmly 
doweled  to  the  masonry.  A  logway,  15  feet  wide,  whose  crest  is  17  feet 
below  the  top  of  the  dam,  is  provided  through  the  masonry.  It  is  closed 
with  45  wooden  needles,  4"  x  8",  20  feet  long,  which  are  handled  by  block 
and  tackle.  The  outlets  to  the  reservoir  consist  of  two  50-inch  steel  pipes, 
controlled  by  Eddy  flume-gates,  and  having  a  discharging  capacity  of  1500 
second-feet  with  full  reservoir*     The  gates  are  inside  of  a  tower,  on  tho 
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exterior  of  which  ara  auxiliary  sluice-gates  of  wood,  raised  by  screws.  A 
6-iach  by-pas3  pipe  eutera  the  tower  from  the  reservoir,  by  which  the  tower 
is  filled  aud  the  presaure  relieved  from  tbe  wooden  gates,  so  that  they  caa 
be  readily  raised. 

The  total  actual  coat  of  the  work,  incltiding  $13,000  for  clearing,  was 
$83,555^  tbe  coiitmct  price  being  192,000.  Under  the  moat  favorable  con- 
ditioua  the  coat  per  cubic  yard  for  the  ma^oory  was  aa  follows: 

Cement. t2.00 

Sand. . , . , 15 

Quarrying  stone , , ....,..,, *35 

Liibor  of  hiying  masonry »♦.♦,,♦. v        »53 

Labor  of  pointing  masonry 15 

Labor  of  mixiiig  mortar,  concrete,  and  crushing  . . , . ,       *20 
General  expensesj  superiutendencej  etc. 27 

Total, ..._..._.,.. _  _  M.G5 

The  cement  used  was  made  at  Glenii*s  Falls,  ^*  Y.,  of  the  **  Ironclad" 
brand  of  artificial  I'ortland. 

The  reservoir  formed  by  tbe  dam  has  a  storage  capacity  of  4,468,000,000 
cubic  feet,  or  102,548  acre- feet,  and  floods  an  area  of  5035  acres.  The 
original  lake  covered  1000  acres,  and  tbe  new  dam  raised  the  mean  surface 
of  tlie  lake  33  to  34  feet.  The  tributary  drainage-area  above'  tbe  dam  is 
14G  square  mile^,  the  run-off  from  which  can  be  safely  estimated  to  Jill  the 
reservoir  every  year. 

The  dam  was  built  for  the  Forest  Preserre  Board  of  New  York  State  by 
tbe  Indian  Kiver  Company.  It  was  planned  by  Geo.  W.  lEafter,  M,  Am. 
Soc,  C.  E„  and  constructed  under  his  supervision  by  Wallace  Greenalch, 
Jan,  Am.  Soc,  C.  E,,  as  Assistant  Engineer. 

For  further  details  of  this  interesting  work  the  reader  is  referred  to  En- 
gi  nee  ring  News  of  May  18,  189D,  containlug  descriptive  illustrated  papers  on 
tbe  subject  by  Messrs.  Rafter  and  Greenalch, 

Cornell  TTniversity  Dam,  New  York*^ — In  1897  an  overflow  masonry  dam 
was  built  across  Fall  Creek  near  Itbaca,  N.  Y.,  as  a  portion  of  tlie  hydraulic 
laboratory  plant  of  Cornell  University.  It  is  curved  in  plan  on  a  radius  of 
1G6.5  feet,  and  is  153  feet  long  on  top,  with  a  maximum  height  of  30  feet, 
and  a  gravity  section,  vertical  up-stream,  and  stepped  on  the  lower  face.  It 
is  located  at  tbe  head  of  Triphammer  Falls,  in  a  picturesque  gorge,  cut 
deeply  into  the  shale  formation  of  that  region,  where  the  total  fall  is  about 
400  feet  in  a  mile.  The  stream  drains  a  watershed  of  117  square  miles,  ou 
which  tbe  mean  precipitation  from  1880  to  1897  was  35.22  inches.  The 
mean  flow  is  about  175  second- feet,  ranging  from  a  minimum  of  1^  to  a 
maximum  of  4800  second-feet.  In  times  of  flood  tbe  water  discb urges  over 
the  crest  of  tbe  dam  and  over  a  natural  spillway  ledge  at  one  end  of  tbe 
dam,  a  total  width  of  267.5  feet,  made  up  of  134.5  feet  on  the  dam  and  133 
lj;iton  the  natural  spillway. 
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The  dam  is  of  gravity  section,  and  made  of  concrete,  composed  of  four 
parts  of  hard,  clean,  argillaceous  shale,  two  parts  of  sand,  and  one  part  of 
**  Improved  cement/'  The  "  Improved  cemenf  is  a  mixture  of  Rosendale 
and  artificial  Portland  in  the  proportion  of  weight  of  3  to  1,  ground  together 
in  the  clinker  state,  and  costing  one- half  the  cost  of  pure  Portland  cement. 

One  of  the  interesting  and  unusual  features  of  the  construction  of  this 
dam  was  the  provision  made  for  concentrating  the  contraction  due  to  tem- 
perature changes  in  the  concrete  to  a  central  point  of  weakness.  This  was 
done  hy  leaving  a  5-ft.  circular  opening  through  the  dam  during  construc- 
tion, connecting  with  which  was  an  open  well  extending  up  through  the 
heart  of  the  dam  to  its  crest.  At  this  point  the  section  was  thus  reduced 
to  60^  of  the  normal,  and  shortly  after  completion  the  wall  cracked  for  one- 
half  its  height  down  through  the  well.  During  unusually  cold  weather, 
when  the  crack  was  widest,  the  opening  through  the  dam  and  the  well  were 
filled  with  concrete,  and  the  contraction-crack  was  thus  effectually  closed. 

The  dam  and  other  works  connected  with  the  entire  plant  designated  as 
file  hydraulic  laboratory  were  designed  by  Prof.  E.  A.  Fuertes,  M.  Am. 
Soc.  C.  E.,  Director  of  the  College  of  Civil  Engineering.  Construction 
was  in  charge  of  Mr.  Elon  H.  Hooker,  Besident  Engineer.  Mr.  Ira  A. 
Shaler,  M.  Am.  Soc.  C.  E.,  was  contractor  for  the  work.  A  full  descrip* 
tion  of  the  laboratory  is  given  in  Engineering  Xews,  March  2, 1899. 

The  Bridgeport  Dam,  Connecticut. — The  town  of  Bridgeport,  Conn.^ 
having  a  population  in  1890  of  48,890,  is  supplied  by  a  number  of  storage- 
leservoirs,  one  of  whicli  is  formed  by  a  masonry  dam  across  Mill  River,  built 
in  1886.     Its  general  dimensions  are  as  follows  : 

Maximum  height 4'1.5  feet. 

Bottom  thickness 32.0    ** 

Top  thickness 8.0    '* 

Length  at  crest 040       '^ 

Length  at  base 50        ** 

The  structure  is  composed  of  rubble  masonry  built  of  gueis.^  rock  laid  in 
a  mortar  of  Kosendale  cement  and  sand  in  the  proportion  of  1  to  2.  The 
lower  face  of  the  dam  is  built  in  steps.  The  outlet  from  the  gate-chamber 
ia  a  30-inch  cast-iron  pipe,  controlled  by  a  gate-valve  in  the  chamber.  The 
latter  structure  is  built  against  the  dam,  is  10  X  15  feet  inside,  in  two  com- 
partments, between  which  a  fish-screen  is  placed.  Three  30-inch  openings, 
at  different  levels,  controlled  by  gates,  lead  from  the  reservoir  to  the  outer 
compartment.  The  spillway,  at  one  end  of  the  dam,  is  80  feet  long,  5  feet 
deep.  The  reservoir  covers  fiO  acres  and  has  a  capacity  of  240,000,000  gal- 
lons (737  acre-feet).  The  dam  has  leaked  so  much  as  to  require  an  earth 
backing.* 


•  <« 


The  Design  mnd  Construction  of  Dams/'  by  Edward  Wegmann,  p.  128. 
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The  Wigwam  Dam,  Connecticnt. — The  city  of  Waterbnry,  Conn.  (pop. 
30,000  in  1897),  constructed  a  masonry  dam  in  1893-94  to  store  water  in  a 
reservoir  located  on  West  Mountain  Brook  and  receiying  the  drainage  from  18 
square  miles  of  watershed.  The  dam  was  designed  and  built  by  Kobt.  A 
Cairns,  City  Engineer.  It  was  planned  for  an  ultimate  height  of  90  feet,  at 
which  its  full  length  on  top  will  be  600  feet,  and  it  was  completed  with  full 
section  to  within  15  feet  of  the  ultimate  crest,  and  there  stopped,  as  the 
storage  at  that  level  was  sufficient  for  present  needs.  The  base  thickness  is 
62.08  feet,  and  it  is  12  feet  thick  on  the  crest.  The  cubic  contents  of  the 
completed  portion  are  14,887  cubic  yards,  of  which  5754  yards  are  laid  in 
Rosendale  cement,  and  the  remainder  in  American  Portland  cement  mortar. 
The  cost  has  been  $150,000.  The  present  capacity  of  reservoir  is 
335,000,000  gallons  (1028  acre-feet),  which  will  be  increased  to  714,000,000 
gallons  when  the  dam  is  completed.  A  temporary  wasteway,  82  feet  long, 
2  feet  deep,  has  been  made  at  one  end  of  the  dam,  which  is  of  insufficient 
capacity.  The  completed  dam  will  have  a  wasteway  100  feet  long  over  a 
rocky  ridge  some  distance  away,  and  another  78  feet  long  at  the  dam.  An 
eartli  embankment  is  required  to  close  a  g^  in  the  reservoir,  as  an  auxiliary 
to  the  masonry  dam.  This  will  be  35  feet  high  when  finished,  but  is  built 
only  to  a  height  of  20  feet. 

The  Austin  Dam,  Texas. — The  city  of  Austin,  Texas,  the  capital  of  the 
State,  with  a  population  of  about  25,000  inhabitants,  has  erected  one  of 
the  most  notable  masonry  dams  of  the  United  States,  across  the  Colorado 
Kiver,  2^  miles  above  the  city,  for  jwwer-development  purposes.  The  dam. 
Fig.  228,  was  built  in  1891-92.  It  was  designed  by  Mr.  Jos.  P.  Frizell, 
M.  Am.  Soc.  C.  E.  of  Boston,  and  about  two-tliirds  completed  by  him.  He 
was  succeeded  by  Mr.  J.  T.  Fanning.  The  dam  proper  is  1091  feet  long 
between  bulkheads  and  ^S  feet  high.  It  is  vertical  on  the  up-stream  face, 
while  the  down-stream  face  is  inclined  at  a  batter  of  3  in  8,  terminating  in 
a  vertical  curve  of  31  feet  radius,  while  the  crest  is  rounded  on  a  radius 
of  20  feet  on  lower  side,  forming  an  ogee  curve  that  has  the  general  shape 
of  the  trajectory  of  falling  water. 

Mr.  Frizell's  original  design  contemplated  a  flat  top  for  the  purpose  of 
facilitating  the  erection  on  the  crest  of  a  series  of  movable  flashboards, 
or  some  other  form  of  falling  dam,  that  could  be  lowered  in  flood-time,  but 
would  permit  of  increased  storage  during  low  seasons,  and  tlie  development 
of  a  more  uniform  volume  of  power  at  low  and  high  water. 

The  power  is  used  for  pumping  water  for  city  supply,  for  electric 
lighting,  i)ropul8ion  of  street  cai^s,  and  general  manufacturing.  Its  volume 
is  estimated  at  14,030  horse-power  for  GO  working  hours  weekly. 

The  dam  is  straight  in  plan,  and  contains  about  88,000  cubic  yards  of 
masonry,  of  which  70,000  yards  are  of  rough  rubble,  made  of  tlie  limestone 
quarried  near  the  site,  and  18,000  yards  are  of  cut-stone  range-work,  in 
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of  the  maximnm.    The  dam  was  completed  in  May,  1893,  and  the  water 
first  overtio wed  the  crest  of  the  dam  on  the  16th  of  that  month. 

Four  yeari*  subsequently,  in  May,  1897,  Prof.  Thomas  U.  Taylor,  of  the 
University  of  Texas  at  Austin,  made  accurate  soundings  of  the  lake  to 
determine  the  volume  of  silt  which  had  accumulated  in  four  years,  and 
ascertained  that  the  deposit  amounted  to  1*68,000,000  cubic  feet  (^2,^^27 
acre-feet),  or  41.54%  of  the  original  capacity.  The  greatest  depth  of  fill 
was  at  the  dam,  1*3  feet;  three  miles  above  it  was  16.5  feet  deep  at  the 
maximum;  seven  miles  above,  20  feet;  9.3  miles  above,  21.3  feet;  14.G 
miles  above,  15.3  foet;  15 J  miles  above,  SM  feet.  To  this  point  the  filling 
was  composed  of  mui  Above  this  distance  the  deposit  was  mostly  sand. 
Considering  the  total  volume  of  water  which  must  have  passed  through  - 
the  reservoir  during  the  four  years,  the  percentage  of  silt  deposited  seems 
very  small,  and  the  result  is  not  such  as  to  discourage  the  construction  of 
reservoirs  on  streams  where  the  ratio  between  run-of!  and  storage  capacity 
is  less  disproportionate.  There  arc  no  definite  data  available  of  the  total 
discharge  of  the  river,  but  assuming  it  to  have  been  about  50  acre-feet 
annually  per  square  mile  of  watershed,  which  is  a  reasonable  assumption 
for  streams  of  that  class  (the  nm-oflf  of  New  York  and  Xew  En^hind 
streams  h  from  700  to  2000  acre-feet  per  6i]uare  mile,  while  that  of  ibo 
Eio  Grande  and  Gila  rivers  is  25  to  35  acre-feet  per  square  mile),  the  total 
volume  of  water  discharged  in  the  four  years  must  have  been  approximately 
fi,000,000  acre- feet,  or  about  100  times  the  reservoir  capacity.  The  rela- 
tion of  the  silt  deposited  to  total  run-off  would  be  in  the  ratio  of  about 
one-fonrth  of  one  per  cent  of  this  volnme,  or  2770  cubic  feet  per  million. 
The  river  Po,*  as  determined  by  M.  Tadini,  carried  as  the  mean  of  four 
months  3333  cubic  feet  per  million;  the  river  Ganges,  980  as  the  mean  of 
12  months,  and  in  flood  12.300;  the  Mississippi,  2111  to  1893;  the  river 
Indus,  in  flr>f>d  2100.  A  stream  of  the  size  and  character  of  the  Colorado 
Hiver  of  Texas,  to  be  utilissed  for  irrigation  should  have  a  reservoir  of 
one  to  two  million  aere-feet  capacity,  to  be  in  proper  proportion  to  the 
volume  of  run-off  and  amount  of  silt  carried,  and  maintain  a  sufficiently 
long  period  of  usefulness  to  be  profitable.  Such  a  reservoir  would  probably 
tiot  be  filled  with  silt  short  of  400  to  500  years. 

Failure  nf  the  Amfin  Dam. — On  the  7th  of  ApriU  1900,  a  severe  flood 
in  the  Colorado  River  and  its  tribntaries,  unprecedented  since  the  erection 
of  the  dam,  resulted  in  the  failure  of  this  fine  strneture,  with  considerable 
loss  of  life.  About  500  feet  of  the  masonry  was  first  pushed  bodily  down- 
stream, aliout  00  feef,  apparently  sliding  on  its  base,  and  after  a  few  hours 
was  entirely  broken  np  anc!  washed  away,  with  the  exception  of  a  small 
section,  which  still  stands  upright  in  the  position  where  it  was  first  de- 
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posited.  Measured  along  the  crest,  the  break  left  about  500  feet  of  the 
dam  at  the  west  end  and  83  feet  at  the  east  end  still  unaffected.  About 
two-thirds  of  the  wall  of  the  power-house  below  the  dam  next  the  river 
was  also  destroyed  by  the  flood.  The  entire  property  loss  mu^t  have  e3t- 
ceeded  $500,000,  At  the  time  of  the  break  the  lake-level  had  reached  a 
height  ol  11.07  feet  above  the  crest.  The  flood  was  the  result  of  extraor- 
dinary rains  throughout  a  very  extensive  watershed  area.  In  fifteen  hours 
the  rainfall  at  Austin  and  vicinity  was  o  inches^  falling  on  ground  already 
well  soaked  by  previous  rains.  Tlie  maximum  flood  prior  to  the  catastrophe 
occurred  June  7>  1899,  when  the  water  rose  to  9.8  feet  above  the  crest  of 
the  dam,  without  injury  to  the  structure.  The  dam  will  probably  be  rebuilt 
upon  safer  plang^  and  precautions  taken  to  anchor  it  into  bed-rock  a  suf- 
ficient depth  to  prevent  it  from  sliding  on  its  foundations. 

The  appearance  of  the  dam  immediately  before  the  break  is  shown  in 
Fig,  229*  Figs.  230  and  231  graphically  present  the  break  and  the  bodily 
movement  of  a  section  of  the  dam  down-stream  intact,  better  than  any 
detailed  description.  The  author  is  indebted  to  Engineering  News  for 
thsse  three  cuts. 

Granite  Springs  Masonry  Dam^  Wyoming. — There  are  few  dams  in 
Western  America  more  correctly  representing  the  principles  of  modera 
science  as  applied  to  dam  construction,  and  more  generally  satisfactory 
in  economy  of  design  and  execution  than  the  dam  erected  in  1903-04 
by  the  City  of  Cheyenne,  Wyoming,  for  the  storage  of  a  domestic  water- 
supply  at  Granite  Springs,  on  Middle  Fork  of  Crow  Creek,  12  miles  from 
the  city.  The  work  was  designed  and  built  by  A.  J.  Wiley,  M,  Am.  Soc. 
C.  E,,  to  whom  the  author  is  indebted  for  the  facts  regarding  the  work, 
and  the  accompanying  illustrations.     (Figs,  2S2,  233,  and  234.) 

The  dam  has  an  extreme  height  from  foundation  to  parapet  of  96 
feet,  and  is  constructed  in  arch  form,  with  a  radius  of  300  feet.  It 
is  but  10  feet  long  on  the  base,  and  410  feet  in  length  on  top,  where  its 
thickness  is  10  feet.  The  base  is  56  feet  in  width,  up  and  down  stream. 
Although  curved  in  plan  it  is  of  gravity  section  and  the  resultant  lines 
of  pressure  and  weight  are  within  the  hmits  of  the  middle  third,  assum- 
ing the  masonry  to  have  a  specific  gravity  of  2,5,  when  the  reservoir 
is  filled.  The  dam  is  built  throughout  of  uncoursed  rubble  masonry 
kid  in  Portland  cement  mortar,  and  its  cubic  contents  are  14,422  cubic 
yards,  including  a  parapet  wall  2  feet  thick,  3  feet  high. 

The  rock  was  found  to  weigh  177  pounds  per  cubic  foot  and  the 
mortar  was  estimated  at  138  pounds  per  cubic  foot.  The  proportions 
of  each  entering  into  the  composition  of  the  wall  gave  the  estimated 
weight  of  the  masonry  at  165  pounds  per  cubic  foot,  corresponding  to  a 
specific  gravity  of  2.64, 

The  spillway  is  located  apart  from  the  dam  in  a  saddle  or  gap,  200 
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feet  away;  the  lieiglit  of  the  saddle  being  85  feet  above  the  creek  bed* 
Here  a  inttsoiiry  9|)ill\vay  structure  was  erected  with  its  crest  90  feet 
iiltuve  the  bed  of  tlie  ^stream.  The  discharge  from  the  spillway  returns 
to  tlie  sti-eam  501)  feet  below  the  dam.  The  spillway  wall  is  180  feet 
long  over  all*  with  au  uvertlow  crest  52  feet  long,  3  feet  lower  than  the 
top  of  the  parapet.  IUj  discharge  capacity  is  approximately  900  ^second- 
tmi  or  12  limes  the  maxhimm  observeil  discharge  of  the  stream.  The 
epillway  structui'e  is  also  curveil,  on  a  radius  of  200  feet. 

The  watershed  aani  of  live  stream  above  the  dam  is  27.5  square  miles, 
from   7000   to    10,000   feet   in  elevatiuu^   reaching   to    the    Continental 
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50  at  the  north  end  the  gabbro  is  overlaid,  by  a  different  variety  of 
granite,  with  regular  cleavage  planes,  soft  at  the  surface  but  iricreasing 
in  hardness  with  depth.  At  the  contact  with  the  underlying  gabbro 
there  was  no  apparent  seam,  although  a  marked  difference  in  hardness 
and  texture  distinguished  the  two  varieties  of  ruck*  Excavation  waa 
made  into  the  soft^  rock  as  deep  as  3U  leet  in  places  before  a  satisfactory 


Fio.  233,— ORANrrE  Springs  Dam,   Wvo^uNa,   showing  GEXEriAL,  Character  of 
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foundation  was  secured.  The  gabbro,  where  exposed  p  had  been  %vom 
to  a  smooth  glassy  surface,  which  was  roughened  by  shallow  blasts 
previous  to  laying  masonry  upon  it* 

The  rock  used  for  the  masonrj^  was  taken  from  a  granite  quarry 
100  feet  below  the  dam,  and  as  taken  out  by  blasting  ranged  in  size 
from  spawls  to  irregular  shaped  blocks  of  4  cubic  yards,  averaging 
about  2  cubic  yards.  The  largest  rock  placed  in  the  wall  contained 
5  cubic  yards  and  weighed  nearly  12  tons,  but  rock  over  3  cubic  yards 
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in  eise  were  unprofitable  to  use  on  account  of  extra  care  required  in 
hiMir^ling.  All  drilling  was  done  by  hand.  The  rock  was  taken  from 
the  quany  by  a  guyed  derrick  with  40-foot  boom,  and  loaded  upon 
platform  cars,  on  a  track  laid  with  a  grade  on  which  loaded  cars  ran 
by  gravity  to  the  dam,  and  the  empties  were  pushed  back  by  hand. 


A  trestle  carrying  the  track  along  the  curved  do\^^l-stream  face  of 
the  dam  was  supported  on  one  side  by  the  steps  in  the  masonry.  Upon 
the  top  of  the  dam  were  located  two  derricks  with  40-foot  booms-  similar 
to  the  quarry  derrick.  Each  derrick  was  operated  by  a  10-ton  hoisting- 
engine,  located  in  an  engine-house  near  the  south  end  of  the  dam.  The 
derricks  on  top  of  the  dam  took  the  rock  from  the  cars  on  the  lower 
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ride  of  the  wall  and  Bet  them  in  the  position  desired  in  the  masonry. 
They  also  hoisted  the  mortar  buckets  from  cars  on  the  up-stream  side 
of  the  dam  and  dumped  them  where  the  mortar  was  needed  on  top. 
The  mortar  was  mixed  with  a  Smith  mechanical  mixer  in  half  yard 
batches,  and  distributed  by  long-handled  shovels.  To  insure  the  filling 
of  the  voids  the  mortar  w^as  mixed  very  wet,  even  sloppy,  requiring  but 
little  tamping. 

The  face  stoned  and  those  laid  in  contact  with  the  bed-rock  were 
laid  in  mortar  in  the  proportion  of  1  of  cement  to  3  of  sand.  All  the 
interior  of  the  dam  was  laid  in  1  to  4  mortar. 

In  setting  the  large  rock  a  bed  was  prepared  with  spa  wis  and  mortar, 
and  then  a  considerable  excess  of  mortar  was  placed  on  the  bed.  The 
rock  was  then  slowly  lowered  and  settled  in  place  by  working  it  with 
bars.  The  excess  mortar  would  ooze  from  under  the  rock  which  would 
then  float  upon  an  even  la^^er  of  mortar,  filling  all  the  irregtilar  spaces 
beneath.  The  large  rocks  w^ere  set  as  closely  as  possible  to  each  other 
without  being  in  contact,  the  intervening  spaces  being  filled  with  mortar 
and  small  stones,  which  were  crow^ded  down  into  the  wet  mortar  until 
submerged. 

The  proportions  of  rock  and  mortar  were  determined  to  be  64.8% 
and  35,2%  of  the  entire  mass  respectively.  The  total  quantity  of 
cement  used  was  8S43.75  barrels,  an  average  of  0.613  barrels  of  cement 
to  the  cubic  yard  of  masonry*  The  average  rate  of  progress  was  60  cubic 
yards  of  masonry  per  day  of  ten  houis  or  240  w^orking  days  for  the  entire 
work. 

Alpha  cement  of  American  manufacture  was  used  exclusively  on 
the  work  It  w^as  shipped  in  sacks  and  test  samples  taken  from  every 
twentieth  sack.  The  average  time  of  initial  set  was  45  minutes,  vary- 
ing from  30  to  60  minutes.  The  final  set  invariably  occurred  within 
ten  hours.  The  average  fineness  was  93%  passing  through  a  sieve  of 
10,000  meshes  per  square  inch.  Neat  cement  tests  showed  a  tensile 
strength  of  654,  792,  and  806  pounds  respectively  in  7  days,  28  days, 
and  90  days.  For  1  to  3  hand-mixed  mortar  the  results  were  respect- 
ively 233,  312,  and  345  pounds  in  the  same  period.  The  1  to  4  mixture 
gave  tests  of  226,  306,  and  361  pounds  respectively. 

The  sand  was  obtained  from  the  adjacent  dry  stream-beds,  and 
hauled  in  wagons  an  average  distance  of  half  a  mile*  It  was  passed 
through  screens  with  |-inch  openings  and  used  without  washing.  The 
voids  in  the  sand  were  determined  by  depositing  it  slowly  in  a  measured 
depth  of  w*ater  in  a  cylindrical  vessel.  After  compacting  the  sand  by 
light  blows  on  the  side  of  the  vessel  the  depth  of  the  sand  and  the  depth 
of  the  water  above  the  sand  was   measured.    The  difference  between 
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this  latter  and  the  original  depth  of  the  water  was  taken  to  represent 
the  voids,  and  divided  by  the  depth  of  the  sand  to  determine  the 
percentage  of  voids.  The  result  of  twenty-five  tests  gave  an  average  of 
23.4%  of  voids. 

Cost. — The  entire  work  was  done  by  contract  at  a  total  cost  to  the 
city  of  $109,194.50,  including  water-rights,  land,  clearing,  building, 
excavation,  outlet-pipes,  and  valves,  spillway,  measuring  weirs,  engineer- 
ing, superintendence  and  general  expense.  For  the  body  of  the  dam 
the  average  cost  to  the  city  was  $6.04  per  cubic  yard  exclusive  of  engi- 
neering, etc.,  while  the  contractor's  profit  was  85  cents  per  cubic  yard, 
or  14%.  The  cost  to  the  contractor  was  as  follows,  per  cubic  yard  of 
masonry  in  the  dam: 

Per  Cu.  Yd. 
Masonry. 

Rock 9,414  cubic  yards  delivered,  at  SI  .96      $18,452 .GO  SI . 28 

Mortar 5,008      *'        "       "  "      1.93         9,070.08  0.67 

Laying 14,422      ''        **      '*  "      1.11        16,017.90  1.11 

Total S3. 06 

8844  barrels  cement,  delivered,  at  3.58         31,605.38  2.13 

Total So. 19 

The  contractor's  plant  was  estimated  to  have  cost  $10,700,  and 
to  have  depreciated  50%  in  two  years  of  use,  which  depreciation  is  *n- 
cluded  in  the  above  estimate  of  cost. 

The  outlet  of  the  reservoir  is  a  24-inch  cast-iron  pipe  laid  through 
the  masonry  on  bed-rock  at  a  height  of  12  feet  above  the  stream-bed. 
The  pipe  is  IJ  inch  thick,  with  bolted  flanged  joints,  and  provided  with 
a  24-inch  high-pressure  Rensselaer  standard  gate-valve  at  each  end, 
operated  by  hand-wheels.  The  up-stream  valve  is  protected  by  a  timber 
screen,  and  operated  by  a  hand-wheel  with  an  indicating  stand  mounted 
on  the  crest  of  the  dam,  and  connecting  with  the  valve  by  a  vertical 
non-rising  stem  supported  at  intervals  of  14  feet  by  brass  boxes  set  in 
stones  projecting  from  the  face  of  the  dam.  This  valve  is  usually  kept 
wide  open,  the  regulation  being  done  by  the  down-stream  valve,  which 
is  more  accessible. 

The  conditions  under  which  this  dam  has  been  built  appear  to  have 
been  extremely  favorable  for  economy  and  safety  of  construction,  with 
first-class  materials  immediately  available,  excellent  foundations,  and 
an  entire  absence  of  complications  of  an  unusual  or  embarrassing  nature 
in  the  preparation  of  foundations  or  the  conduct  of  the  work. 

The  excellent  character  of  the  construction  and  the  skill  and  care 
with  which  it  was  executed,  are  shown  by  the  absence  of  leakage  further 
than  the  usual  unimportant  sweating  which  is  observed  at  times  on  the 
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down-stream  face,  when  the  water-level  rises  in  the  reservoir.  This 
sweating  stops  when  the  water-level  ceases  to  rise  for  about  thirty  days, 
and  on  a  hot  day  is  offset  by  e\Tiporation,  when  it  practicaUy  disappears. 

Lake  Cheesman  Dam,  Colorado*— A  storage  reser\^oir  for  the  domestic 
water  supply  of  the  City  of  Denver,  Colorado,  was  formed  in  the  heart  of 
the  Rocky  Mountains^  48  miles  southwest  from  Denver^  on  the  south  fork 
of  the  Platte  river,  by  the  building  of  a  masonry  dam  of  notable  height  and 
dimensions,  called  Lake  Cheesman,  after  the  President  of  the  Denver 
Union  Water  Co-  The  dam  was  begun  immediately  after  the  destruction 
by  flood  of  the  rock-filled  dam  begun  on  this  site  (page  62)  in  May,  1900, 
and  completed  in  July,  1904. 

The  datn  has  an  extreme  height  of  234  feet,  and  carries  a  maximum 
depth  of  water  of  224  feet,  which  exceeds  that  of  any  dam  ever  con- 
structed. Its  thickness  at  the  base  is  176  feet,  and  for  the  upper  30  feet 
it  is  IS  feet  thick.  It  is  built  on  a  semi-circular  arch,  with  radius  of  400 
feet  at  the  up-stream  face.  The  length  on  the  crest  is  710  feet.  The  gorge 
Is  exceedingly  narrow,  being  only  30  feet  wide  at  the  base  of  dam,  40  feet 
wide  at  40  feet  above  base,  and  130  feet  wide  at  100  feet  height*  The  width 
of  the  canyon  is  equal  to  the  thickness  of  the  masonry  at  the  height  of  70 
feet  above  tlie  base.  The  volume  of  masonry  in  the  dam  h  103,000  cubic 
yards.  The  work  was  done  under  contract  by  the  Geddes  &  Beerle  Stone 
Co.,  of  Denver,  at  a  total  cost  of  about  $1,000,000.  The  excavation  of 
foundations  required  the  removal  of  about  26^000  cubic  yards  of  rock,  sand 
and  gi-aveh  The  spillway  is  located  200  feet  north  of  the  dam,  in  a  natural 
gap  of  the  ridge  of  granite  forming  the  abutment  on  that  side,  and  is  about 
300  feet  in  length.  Its  capacity  h  greatly  in  excess  of  the  maximum 
recorded  discharge  of  the  stream,  1945  second-feet.  Its  crest  is  6S56  feet 
above  sea  level,  or  about  1600  feet  higher  than  the  Denver  City  Post- 
office. 

The  quality  of  the  masonry  is  of  unusual  excellence,  and  the  dam  is 
said  to  be  entirely  free  from  leakage  or  the  appearance  of  seepage  on  the 
down-stream  face. 

The  reservoir  formed  by  the  dam  covers  an  area  of  874  acres,  and  has  a 
capacity  of  about  3,500,000,000  cul>ic  feet  (80,000  acre-feet)  fed  by  the 
flow  from  a  catchment  badn  of  1796  square  miles,  including  almost  the 
whole  of  South  Park* 

The  dam  was  designed  and  built  by  Charles  L,  Harrison,  liL  Am,  Soc, 
C.  E,,  Chief  Engineer,  3Ir.  L.  E*  Cooley,  M.  Am.  Soc*  C,  E,,  acting  as  con- 
sulting engineer* 

The  work  is  described  in  detail  in  a  paper  prepare*!  by  Mr*  Harrison  for 
the  American  Society  of  Civil  Engineers,  and  published  in  December, 
1904,  accompanied  by  a  matliematical  analysis  of  stresses  by  Silas  H.Wood- 
ard,  Assoc*  M*  Am.  Soc,  C,  E* 
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The  De  Weese  Dam,  Colorado* — ^A  masonry  dam  was  built  in  1905 
across  Grape  Creek,  in  the  Wet  Mountain  Valley,  by  Mr.  Dal  De  Weese, 

fcr  the  irrigation  of  a  tract  of  choice  fruit-growing  land  on  the  mesa  south  of 
the  Arkansas  river,  opposite  Canyon  City-  The  dam  is  cun^ed  in  plan,  and 
bes  a  maximum  height  of  44  feet,  the  crest  being  at  an  elevation  of  7755 
fset  above  sea  level.  The  dam  m  arched  in  plan,  of  gravity  section,  and 
used  as  an  overflow  weir  for  the  greater  portion  of  its  length.  The  outlet 
of  the  reservoir  is  31  feet  below  the  crest.  It  forms  a  reservoir  of  150  acres 
area,  and  has  a  storage  capacity  of  1700  acre-feet.  Flans  have  been  pre- 
pared by  the  owner  for  increasing  the  height  40  feet,  and  other  claimants 
to  the  surplus  flood  waters  have  proposed  making  a  still  higher  extension 
to  store  water  to  the  level  of  80  feet  above  the  present  crest,  giving  a  total 
capacity  to  the  reservoir  of  about  65,000  acre-feet. 

The  photograplis.  Figs.  235  and  236,  were  taken  by  the  author  in 
January,  1907,  and  show  the  general  character  of  the  structure. 

Boonton  Dam,  New  Jersey.  (Fig.  2370 — ^  reserv*oir  covering  an  area  of 
800  acres,  and  impounding  8,600^000,000  gallons  (26,400  acre-feet)  was 
createtl  for  the  water  supply  of  Jersey  City  by  the  construction  in  1000-1905 
of  a  dam  of  masonry,  with  an  auxiliary  dyke  of  earth  with  concrete  core- 
wall,  both  of  unusually  large  dimensions*  The  masonry  structure,  which  is 
2150  feet  long,  has  a  maximum  height  of  114  feet,  is  77  feet  wide  at  the  base 
and  17  feet  wide  on  top.  The  up-stream  face  is  vertical  for  55  feet  from 
the  top  down,  then  batters  1  in  20,  The  lower  face  batters  0.56  to  1  to 
within  22  feet  of  the  top,  and  thence  is  vertical.  It  contains  a  total  of 
255,000  cubic  yards  of  masonr>\  and  is  built  almost  wholly  of  cyclopean 
ruiible.  At  each  end  the  masonry  dam  is  extended  to  the  hills  on 
either  side  by  earth  embankments,  450  and  500  feet  long,  respectively* 
A  portion  of  the  masonry,  300  feet  long,  is  built  as  an  overflow  spills  ay, 
5  fc?et  below  the  crest  of  the  dam,  the  elevation  of  which  is  305.25  feet  above 
mean  tide.  The  down -stream  face  of  the  wall  is  covered  with  an  embank- 
ment of  earth,  reaching  to  within  6.S  feet  of  the  top  of  the  dam^  above  which 
line  the  down -stream  face  b  laid  in  ashlar  masonry  in  courses  from  18  to  36 
inches  in  thicknesSt 

This  dam  is  one  of  24  of  the  great  dams  of  the  world,  and  is  only  ex- 
ceeded in  length  b}^  the  Tansa  and  Bhatgur  dams  in  India.  It  is  remark- 
able for  the  rapidity  v»'ith  which  it  was  built,  8*5%  of  the  masonry  having 
been  placed  in  15  working  months,  from  May,  1892,  to  November,  1894, 
The  stone  used  is  syenite,  quarried  four  miles  from  the  dam,  and  brought 
in  lurge  rough  blocks,  which  were  dropped  into  i>lace  closely  together  into 
a  bed  of  very  soft  wet  concrete,  the  spaces  l>etween  the  stones  being  filled 
with  Bpawls  to  secure  as  targe  a  percentage  of  rock  as  poasible.  The  con- 
crete was  mixed  in  the  proportion  of  1  cement,  2 J5  sand  and  6.25  of 
crushed  rock.    The  two  faces  of  the  dam  were  laid  in  advance  of  the  con- 
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Crete  and  kept  always  two  to  four  feet  higher.  The  average  weight  of 
masonry  was  166  pounds  per  cubic  foot,  the  unasual  weight  being  due  to 
the  fact  that  the  '  'plums"  constitute  50%  to  55%  of  the  mass. 

The  core-wall  of  concrete  in  the  center  of  the  earth  extensions  of  the 
dam  is  4  feet  8  inches  thick,  carried  well  into  the  hills  on  either  side.  These 
dykes  were  made  of  earth,  rolled  in  layers  and  paved.  They  have  a 
maximum  height  of  35  feet. 

To  complete  the  reser\'oir  on  the  south  side  an  embankment,  called  the 
Parsippany  dyke,  was  built  with  a  maximum  height  of  30  feet,  a  total 


'Tx/g*^    Sifcjicc-woy 


Fig.  237.— Boontox  D.vm,  N.  J. 
Elevation  of  Spillway,  Section  through  Spillway  and  Section  of  Main  Dam. 

length  of  3720  feet,  a  width  of  12  feet  on  the  crest,  and  side  slopes  of  2 
on  1.  Its  purpose  is  to  avoid  flooding  a  highway  and  a  broad  plain  in  an 
adjacent  watershed.  The  dyke  is  founded  on  impervious  red  clay,  and  has 
a  concrete  core-wall  4  feet  8  inches  thick,  carried  down  8  to  10  feet  into 
the  clay  below  the  surface.  The  excavation  for  this  dyke  taken  from  the 
reservoir  basin  increased  the  storage  capacity  about  30,000,000  gallon 
(150,000  cubic  yards). 

The  plans  for  the  Boonton  dam  were  prepared  under  the  direction  of 
E.  W.  Harrison,  M.  Am.  Soc.  C.  E.,  the  chief  engineer  of  the  Jersey  City 
Water  Supply  Company,  contractors  for  the  new  water  works  of  Jersey 


MASONRY  DAMS. 


327 


City,  acting  with  J*  Waldo  Smith,  M»  Am,  Soc,  C,  E.,  consulting  engineer. 
The  works  were  boilt  under  Wm<  B.  Fuller,  M,  Am.  Soc,  C.  E,,  the  resident 
engineer  in  charge. 

The  dam  is  built  on  the  Rockaway  river,  near  Boonton,  and  the  conduit 
to  convey  the  water  to  Jersey  City  is  22.81  miles  in  length,  laid  on  a 
hydraulic  grade  of  6  inches  per  mile* 

The  Wachusett  Dam,  Mass* — To  provide  for  an  essential  increase  in  the 
water  supply  of  the  City  of  Boston  and  surrounding  towns,  the  Metropohtan 
Water  Board  built  the  Wachusett  dam  on  ths  south  branch  of  the  Nashua 
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Fig.  238. — Profile  ot  Wachusett  Dam. 


river,  creating  a  reserv^oir  of  4105  acres,  with  a  maximum  depth  of  129 
feet,  an  average  depth  of  46  feet  and  a  storage  capacity  of  193,300  acre- 
feet,  or  63,068,000,000  gallons.  Tlie  watershed  area  intercepted  by  the 
dam  b  118.3  square  miles. 

The  preparations  for  building  the  dam  began  in  1895,  by  borings  to 
ascertain  the  depth  to  bedrock.  This  was  a  very  thorough  exploratory 
work,  consisting  of  806  separate  borings  to  rock,  aggregating  15,308  feet 
and  38  diamond  drill  borings  in  bedrock,  with  a  total  length  of  2489  feet, 

*  For  full  data  on  the  construction  of  the  dam,  see  annual  reports  of  the  Metro- 
politan Water  Board  for  1900  to  1907;  also  a  paper,  by  Dexter  Brackett,  M.  Am. 
Soc.  C*  E.,  presented  &t  the  2Gth  Annual  Convention  of  the  American  Water  Works 
Anociation. 
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the  holes  over  the  site  being  10  to  20  feet  apart  in  each  direction.  Con- 
siderable work  of  stripping  was  done  by  the  Board  prior  to  the  letting  of 
contracts. 

Contracts  were  let  for  construction  of  the  masonry  dam  October  1,  1900, 
and  completed  in  1906,  The  contractors  were  McArthur  Bros.  Company. 
The  total  cost  of  the  dam  was  $2,270, 1 16.85.  The  dam  is  a  granite  masonry 
structurep  944  feet  long,  including  abutments  at  each  end,  with  its  crest 
20  feet  above  high  water  levels  and  a  waste-weir  452  feet  long.  The  height 
of  the  top  of  the  dam  above  the  point  of  deepest  excavation  is  228  feet,  and 
the  maximum  thickness  is  185  feet.  It  is  22.5  feet  thick  at  the  top  under 
the  projecting  cornice,  which  gives  it  a  total  top  width  of  25.75  feet.  It 
does  not  carry  a  roadway  over  the  top,  as  is  customary  with  many  dams  of 
tiiat  class*  The  dam  is  straight  in  plan.  It  contains  a  total  volume  of 
266,663  en.  yds,  of  masonry  of  all  classes,  viz,,  rubble,  251,920;  ashlar, 
9,037;  dimension  stone  masonrj^  2742;  brick,  1065;  and  concrete  1S99 
cubic  yards. 

About  three-fourths  of  the  heart  of  the  dam  is  laid  with  natural  cement 
mortar,  mixed  1;2^  the  mmainder  being  laid  with  Portland  cement.  The 
rubble  consists  of  54%  largp  stones,  17%  small  rock  and  29%  mortar. 

In  constructing  the  reservoir  the  soU  was  stripped  from  3943  acres  to 
an  average  depth  of  one  foot,  the  quantity  removed  being  6,900,000  cubic 
yards.  This  material  was  chiefly  used  in  the  building  of  the  north  dike, 
which  is  an  embankment  in  two  sections,  respectively  4300  and  6700  feet 
long,  required  to  complete  the  reservoir.  This  dike  contains  5,861,814 
cubic  yards,  of  which  85%  came  from  stripping  the  reser^^oir.  The  max- 
imum height  of  this  dike  is  80  feet,  or  65  feet  to  full  i«serv*oir  level.  The 
south  dike  is  a  similar  structure,  2800  ft.  long,  30  ft.  maximum  height. 

The  cost  of  the  north  dike  was  $749,81  L36,  the  south  dike  $136,871.10, 
and  the  removal  of  soil  from  the  reservoir  $2,528,155.10.  The  total 
cost  of  all  the  works,  including  $3,179,060.57  paid  for  real  estate,  and 
the  relocation  of  railroads,  the  building  of  bridges,  damages,  etc.,  was 
$10,797,537.17,  The  sum  of  $188,035.81  was  further  spent  on  improving 
the  watershed  by  the  drainage  of  marshes,  etc. 

The  outlets  to  the  reser\*oir  consist  of  four  48-inch  cast  iron  pipes,  built 
through  the  body  of  the  dam,  at  elevation  284,  or  1 1 1  feet  below  the  high 
water  level  of  the  reservoir.  They  ^supply  water  to  the  Wachuaetts  aque- 
duct, and  to  power  turbines  Ijelow  the  dam*  The  water  may  be  wasted 
through  them  as  weU,  thAr  combined  capacity  with  full  reservoir  being 
about  2500  sec.-ft. 

The  work  was  constructed  under  the  direction  of  Frederic  P*  Steams, 
chief  en^neer  of  the  Metropolitan  Water  Boartl,  and  Messrs.  Hiram  F. 
Mills,  Jos,  P.  Davis  and  Alphonse  Fteley  os  consulting  engineers*  The 
designing  engineers  were  Reuben  ShirrefFs  and  Alfred  D.  Flinn*    The  res- 
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ident  engineer  was  Thos.  F.  Richardson.      All  the  engineering  staff  are 
members  of  the  American  Society  of  Civil  Engineers. 

The  Connellsville  Dam,  Pa. — The  Mountain  Water  Co.,  of  Connells- 
ville,  Pa.,  completed  a  masonry  and  concrete  dam  in  1906  across  Indian 
Creek,  to  form  a  reservoir  of  230,000,000  gallons  (700  acre-feet)  capacity. 
It  is  650  feet  long  on  top,  of  which  300  feet  in  the  center  is  used  as  an  over- 
flow waste  weir,  6  feet  lower  than  the  remainder  of  the  dam.  It  is  about  39 
feetmaximum  height,  with  a  crest  width  of  6  feet  and  a  base  of  26  feet.  It  is 


Fig.  240. — Connellsville  Dam,  Penn.,  across  Indian  Creek. 

vertical  on  the  up-stream  side.  The  structure  has  a  face  on  either  side  of 
about  3  feet  thick  of  ashlar  masonry,  of  sandstone,  the  interior  being  com- 
posed of  1:3:5  Portland  cement  concrete,  with  about  25%  of  bowlders 
embedded  as  "plums/'  The  sand  used  was  obtained  by  crushing  the 
sandstone.  Each  finished  layer  of  concrete  was  grouted  with  liquid  neat 
cement  before  the  next  layer  was  deposited. 

A  section  of  the  dam  is  shown  in  Fig.  240.  The  Indian  Creek  dam  is 
one  of  a  number  similar  structures  built  by  the  American  Pipe  Co.  The 
experience  with  all  of  them  is  that  where  cracks  have  appeared  they  extend 


♦  Engineering  Record,  January  27,  1906. 
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completely  through  the  body  of  the  masonry.  Several  cracks  appenred  in 
tho  Indian  Creek  dam,  extending  from  face  to  face,  and  from  top  to  bottom, 
tho  largest  being  one-sixteenth  inch  in  width.  The  chief  engineer  of  this 
work  was  Mr=  J,  \V.  Ledonx. 

The  Round  Hill  Dam,  Wilkesbarre,  Pa, — ^The  w^ater  supply  in  Wilkes- 
barre  and  other  towns  in  the  Wyoming  Valley  is  controlled  by  the  Spring 
Water  Supply  Co.,  by  whom  a  masonry  dam  was  constructed  in  1890  to 
1901,  on  Spnng  Brook,  sbc  miles  from  Mousic,  a  station  on  the  Delaware  & 
Hudson  railroad  J  having  a  maximum  height  of  104  feet,  a  thickness  at  base 
of  77.9  feet,  and  a  width  of  \}  feet  on  top.  The  total  length  of  the  dam  is 
500  feet,  of  which  280  feet  of  the  higher  portion  is  masonry,  beginning  at  a 
vertical  cliff  on  one  sidej  while  the  remainder,  220  feet,  Ib  an  earth  embank- 
ment with  concrete  core-walh  The  crest  of  the  masonry  is  5  feet  higher 
than  the  spillway.  The  hatter  of  the  upjier  face  is  12,5%  from  the  bottom 
up  for  70  feet,  thence  vertical  to  the  top.  The  down  stream  fac«  has  a 
batter  of  75%  l^elow  the  70  ft.  level,  thence  a  compound  vertical  curve  to 
the  top.  The  dam  and  wingw^all  contains  37,710  cu.  yds.  of  masonry ,  in 
which  25,085  bbls.  of  cement  were  used.  It  was  built  of  sandstone  in 
blocks  up  to  3  cu.  yds.  in  size,  laid  in  mortar  of  1:3  Portland  cement  and 
sand*     The  cost  of  the  mason r>^  averaged  S5.98  per  cu.  yd* 

The  extension  of  the  darn  in  earth  is  an  embankment  with  slopes  of 
2,5:1  J  on  each  aide.  In  its  center  is  a  core- wall  of  concrete  3  ft.  thick  at 
top  (which  is  two  feet  below  the  crest  of  the  dam),  reinforced  by  counter- 
forts or  butti^sses  on  each  side,  built  on  a  slope  of  1 : 6,  The  embank- 
ment is  riprapped  with  stone  for  a  depth  of  18  ft.  below  the  spillway 
crest. 

The  reservoir  formed  by  the  dam  covers  an  area  of  118.7  acres^ 
receiving  the  drainage  of  36  sq.  miles  of  watershed.  It  has  a  capacity  of 
1,322,000,000  gallaus  (4050  acre-feet).  The  entire  coat  of  the  dam  was 
$240,547.93,  or  $,59.39  per  ^cre-ft.  of  storage  capacity. 

Two  30-inch  discharge  pipes  pasg  through  the  masonry  portion  of  the 
dam,  with  two  gate  valves  on  each  line,  30  ft.  apart. 

The  dam  was  designed  and  buijt  by  John  Lance,  C.  E.,  chief  engineer 
of  the  company. 

The  Trap  Falls  Dam,  Bridgeport,  Conn, — In  1905  a  dam  of  cyclopean 
nibble  masonry  was  built  to  form  a  reservoir  of  236  acres  area,  having  a 
capacity  of  impounding  1 ,400,000,000  gallons  (4340  acre-feet)  for  a  portion 
of  the  water  supply  of  the  City  of  Bridgeport,  with  a  population  of  85,000. 
The  dam  is  of  gravity  section,  8  feet  wide  on  top^  is  900  feet  long,  straight 
in  plan,  and  48  feet  in  maximum  height,  founded  on  granite  or  ^eiss.  The 
concrete  in  which  the  large  rock  were  embedded  was  mixed  in  the  propor- 
tion of  1  of  cement,  2.5  sand,  and  5  crushed  rock,  and  made  quite  wet. 
About  20%  of  the  dam  is  of  krge  "plums/'  weighing  up  to  2  tons  placed 
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One  of  the  most  interesting  features  of  conetniction  was  the  subBtaQtia] 
concrete  bridge  thrown  across  the  river  on  a  seri^  of  arches,  to  serve  as  a 
working  platform  from  which  to  build  the  dam.  This  bridge  is  50  feet  witle, 
2300  feet  long,  parallel  to  and  16  feet  downstream  from  the  edg^of  the  dam 


and  power  house.  Four  railway  tracts  of  standard  gauge  were  laid  on  the 
bridge^  on  which  three  travelling  cranes,  spanning  all  four  tracks^  with  a 
ba.so  of  44  feet,  are  used  for  handling  the  steel  forms  of  the  dam  and  the 
material.    They  stand  3o  high  that  cai-s  and  engines  can  pass  underneath 
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them,  and  each  crane  has  four  outriggers  with  a  horizontal  reach  of  94  feet, 
and  a  capacity  of  lifting  5000  lbs.  at  the  extreme  end. 

The  dam  is  composed  of  cyclopean  rubble,  with  huge  blocks  embedded 
in  concrete,  and  is  founded  on  hard  gneiss  bedrock.  The  total  cost  of  the 
dam  and  power  house,  and  electric  plant,  including  the  reconstruction  of 
the  Pennsylvania  R.  R.  for  a  number  of  miles,  is  estimated  at  $10,000,000 

Dr.  Gary  T.  Hutchison  is  chief  engineer,  Wm.  Barclay  Parsons,  M. 
Am.  Soc.  C.  E.,  consulting  engineer,  Hugh  L.  Cooper,  hydraulic  engineer, 
and  B.  R.  Value,  engineer  in  charge. 

The  Pedlar  River  Dam,  Ljmchburg,  Va. — A  concrete  dam  has  been 
erected  across  the  Pedlar  river,  Va.,  to  form  a  storage  reservoir  of 
365,000,000  gallons  capacity  (1,115  acre-feet)  for  the  water  supply  of 
Lynchburg,  a  city  of  22,000  inhabitants. 

The  dam  is  415  long,  straight  in  plan,  with  150  feet  near  the  southern 
end  used  as  an  overflow  spillway.  The  maximum  height  of  the  structure  is 
73.5  feet,  the  parapets  2.5  feet  above  the  crest  being  12.5  feet  higher  than 
the  spillway  level.  It  has  a  base  width  of  42.5  in  the  spillway  section. 
The  main  portion  Ls  39.2  feet  thick  at  the  bottom,  10  feet  at  top. 

The  contract  for  the  dam  was  let  in  May,  1904,  to  C.  G.  Williams,  of 
Brooklyn,  for  $103,708. 

Several  novel  and  interesting  features  have  l^een  introduced  in  the  con- 
struction of  this  d:un,  one  of  which  is  the  precaution  taken  to  avoid  the 
formation  of  a  vacuum  under  the  sheet  of  falling  water  over  the 
spillway,  as  the  maximum  depth  of  overflow  is  expected  to  reach  6  feet. 
The  down-stream  face  of  the  spillway  is  laid  in  steps  of  granite  blocks,  18  to 
27  inches  deep  (Fig  244),  and  large  enough  to  extend  2  feet  under  the  next 
step  above.  Under  each  of  the  steps  6-inch  vitrified  pij)es  are  eml>edded, 
each  extending  the  full  length  of  the  spillway  and  through  the  two  wing 
walls.  These  pij)es  are  open  at  the  ends,  and  each  have  three  4-inch 
branches,  with  o])on  ends  extending  to  the  faces  of  the  steps,  so  as  to 
supply  air  to  the  back  of  the  sheet  of  falling  water.     (Fig.  245). 

The  concrete  of  the  heart  of  the  dam  was  laid  in  large  blocks,  about 
10X10X15  feet  in  dimensions,  inside  of  wooden  forms,  with  vertical  and 
horizontal  offsets  locking  them  together,  after  the  general  j)lan  employed  on 
the  San  Mateo  dam.  The  wing  walls  on  each  side  of  the  spillway  are  re- 
inforced concrete. 

The  heart  of  the  dam  was  made  of  natural  cement  concrete,  with  large 
stone  embedded. 

The  dam  was  designed  by  H.  L.  Shaner,  city  engineer  of  Lynchburg. 

The  Morgan  Falls  Dam,  Atlanta,  Ga.— The  Atlanta  Water  and  Elec- 
tric Power  Co.  in  1902-04,  erected  a  dam  on  the  Chattahoochee  river,  16 
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miles  from  Atlanta,  about  900  feet  long,  50  feet  high,  for  the  development 
of  power  transmitted  to  the  city.  The  dam  is  founded  on  hard  gneiss 
rock  all  the  way  across  the  river,  and  is  straight  in  plan,  divided  into  two 
main  portions,  one  of  which  is  a  roUway  overflow,  700  feet  long,  from  the 
abutment  on  the  west  side.  The  other  portion,  10  feet  higher  than  the 
overfall  crest,  is  vertical  on  the  up-stream  face.  The  roll  way  portion  has 
a  total  width  of  64  feet  at  the  base,  including  the  toe  of  the  dam;  is  43  feet 
thick  at  the  base  of  the  main  prism,  above  the  curved  toe,  and  15  feet 
thick  at  a  point  8  feet  below  the  top. 

The  up-stream  face  of  the  roUway  section  is  built  of  rubble  masonry, 
laid  in  Portland  cement  mortar,  while  the  down-stream  face  and  crest 
are  of  concrete,  trowelled  to  a  true,  smooth  surface.  The  interior, 
between  these  faces,  is  of  cyclopeaii  masonry,  of  the  usual  type  of  large 
blocks  embedded  in  concrete,  consisting  of  1  part  Portland  cement,  2.5 
parts  sand  and  5  parts  crushed  rock.  The  facing  concrete  was  mixed 
1:2:4,  with  a  skin  of  richer  mixture  1:2. 

The  dam  wits  built  on  the  plans  of  George  B,  Francis,  M.  Am.  Soc. 
C.  E.,  of  the  firm  of  Westinghouse,  Church,  Korr  and  Co.,  of  New  York, 
contracting  engineers  for  the  entire  plant.  The  plant  has  a  capacity  of 
10,500  K.W.  generated  in  seven  units  of  1500  K.W.  each. 

The  Catawba  River  Dam,  South  Carolina. — This  structure,  built  in 
1003-04,  for  power  development,  6.5  miles  from  Pock  Hill,  S.  C,  consists 
of  an  eartli  dam,  306  feet  long,  having  a  central  masonry  core-wall  connect- 
ing with  a  masonry  dam,  5S5  feet  long  across  the  niain  cliannel  of  the  river, 
in  two  tangents  with  a  central  arc  between  thorn.  The  maximum  height 
of  the  overflow  rolhvay  section  is  55.5  feet  with  a  l)aso  width  of  33  feet,  and 
up-stream  face  vortical.  Tlio  up-stream  face  is  l)uilt  up  witli  roughly 
coursed  (luarry-farod  stono,  IS  tn  2S  inclio.s  thick,  laid  in  coniont,  while  the 
heart  of  tlio  dam  is  cyclopoan  rul)l)lo,  in  which  stonos  of  all  sizes  up  to  S 
tons  weight  woi'c  used,  ])0(l(lo(l  in  1:3  mortar.  Hotwoon  tlio  largest  ones 
a  concrete  <.)f  1  part  <>f  cemont,  3  of  sand  and  .")  t)i  bi'okon  stone  was 
tamped  in.  Tho  face  of  tho  nvorfall  \va^  a  concrete  mixed  1:2:4.  The 
structure  contains  alxuit  00, (KH)  cuhic  yards  of  masoniy  in  all. 

The  earth  dam  is  sepai*al(Ml  from  the  masonry  by  a  heavy  abutment 
wall,  actin*^  as  a  retaining:  wall  for  the  earth,  and  cari'ied  to  a  height  of 
22  feet  above  the  crest  of  the  masonry  dam.  Into  this  abutment  a 
masonry  core-wall  for  the  earth  (ill  is  bonded.  This  has  a  thickness  of 
IS  feet  at  the  base,  -I  feet  al  the  top.  and  at  the  junction  with  the  abut- 
ment it  is  5S  feet  hi<rh.  At  a  jjoint  70  feet  from  the  I'otaininiij  wall 
the  core-wall  narrows  to  1  feet  at  the  l)ase,  and  carries  the  same  width 
thrruighout  tho  remainder  <.f  iis  len«^th  and  heitrht. 

Against  this  core-wall  on  the  u])->tream  side  is  a  filling  of  puddle  clay, 
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12  feet  wide  at  base,  4  feet  at  top.  Outside  of  this  is  a  body  of  selected 
clay,  8  feet  at  base,  narrowing  to  nothing  at  the  top.  The  remainder 
of  the  embankment  is  clay. 

The  river  is  reported  to  have  a  minimum  discharge  of  2100  sec-feet, 
draining  from  3000  square  miles  of  watershed  area,  in  which  there  is  an 
annual  precipitation  of  50  inches.  The  highest  recorded  discharge,  May, 
1901,  was  150,000  sec-feet. 

Roosevelt  Dam,  Arizona. — The  United  States  Reclamation  Service 
is  engaged  in  the  construction  of  a  dam  on  Salt  river,  Arizona,  for  the 
formation  of  a  mammoth  reservoir,  having  a  capacity  of  1,284,000  acre- 


Fi<;.  247. — Plan  ok  Hoo^kvklt  Dam.  Arizona 


feet,  for  the  purpose  of  irri.£:atiii<i  about  200, (MM)  acres  in  the  Salt  River 
Valley  near  Phcvnix  (Fig.  240).  The  <lani  is  located  below  the  junction  of 
Ton  to  creek  and  Salt  river,  on  the  site  (►f  the  reservoir  projected  many 
3'ears  prior  by  a  private  c(>ri)oration  calle<l  the  Hudson  Canal  and  Reservoir 
Co.  of  New  York.     It  is  situated  7S  miles  above  Ph(L'nix. 

The  dam  is  to  have  a  maximum  height  of  about  280  feet  from  the  lowest 
foundation  to  the  parapet  of  the  roadway  on  the  top.  The  length  on  top 
will  be  644  feet,  and  at  low  water  level  210  feet.  It  will  be  170  feet  thick 
at  l)Ottom,  and  16  f(H»t  at  top.  The  roadway  will  be  20  feet  above  the 
overfimv  level,  which  is  220  feet  above  the  low  water  level  of  the  reservoir. 
It  is  curveci  up-stream  on  a  radius  of  4(K)  feet  from  the  center  at  the  crest. 
Spillway  channels  at  each  end  of  the  dam  will  each  have  a  width  of  200  feet, 
and  will  be  excavated  from  the  soKd  rock  (Figs.  247  and  248). 
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About  340,000  yards  of  cyclopean  rubble  masonry  will  be  required  to 
complete  the  structure.  The  geological  formation  of  the  canyon  consists  of 
alternating  strata  of  hard  red  and  j'ellow  sandstone  and  pink  limestone, 
generally  quite  thick  and  massive.  • 

The  masonry  is  being  made  with  cement  manufactured  on  the  ground 
in  a  mill  erected  by  the  Government.     The  two  faces  of  the  dam  are  made 


fe(5L. 


£^ct. 


JiOMl 


Fig.  248. — Section  of  Roosevelt  Daii,  Arizona. 


of  range  rubble  masonry,  in  large  blocks,  with  horizontal  beds  and  vertical 
joints,  carefully  pointed. 

In  addition  to  the  cement  mill,  the  Government  built  a  power  canal 
above  the  reservoir  level,  and  developed  power  for  construction  purposes, 
which  is  supplied  to  the  contractor. 

The  outlet  of  the  reservoir  is  made  by  driving  a  tunnel  500  feet  long 
through  the  solid  rock  at  one  side  of  the  dam,  in  which  six  large  gates, 
weighing  about  800,000  pounds  and  operated  by  electric  motors,  will  control 
the  outflow.    The  capacity  of  discharge  with  full  reservoir  will  be  10,000 
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sec-feet.    The  gates  were  manufactured  at  the  Llewellyn  Iron  Works, 
Los  Angeles. 

The  expenditure  by  the  U.  S.  Government  prior  to  the  letting  of  con- 
tracts for  the  building  of  the  dam  thereafter  and  up  to  Sept.  30,  1905,  were 
as  follows: 

Power  canal  and  power  plant    $580,402.55 

Sluicing  tunnel 23,828.80 

Cement  plant 246,583.00 

Waterworks,  refrigerating  plant,  buildings 

and  shops 67,367.1 1 

Roads 327,615.69 

Telephone  lines 41,137.95 

Lands  and  rights  of  way 79,825.00 

Machinery,  lumber,  fuel,  supi)lios,  etc 133.363.22 

Engineering 75,497.67 

Administration 79,000.00 


Total 81,054,620.99 

The  contract  for  the  dam  was  let  to  J.  M.  O'Rourke  &  Co.,  of  Galveston, 
Texas,  January,  1905,  for  an  estimated  total  of  81,147,600  on  the  basis  of 
300,000  cubic  yards  as  the  contents  of  the  dam.  The  final  cost  will  consider- 
ably exceed  this  amount.  The  Government  furnishes  the  contractor  with 
cement, sand  and  power,  which  items  alonewillamount  to  nearly $1,000,000. 

The  dam  was  designed  by  Mr.  F.  Teichmau,  under  the  supervision 
of  F.  H.  Newell,  chief  engineer  U.  S.  Reclamation  Service,  and  a  board 
of  consulting  engineers.  Mr.  Louis  C.  Hill  is  supervising  engineer.  Mr. 
Newell  is  now  director  U.  S.  (leolotrical  Survey,  and  was  succeeded  by 
Arthur  P.  Davis,  as  chief  en<rineor  of  the  U.  S.  Ueclaniation  Service. 

Shoshone  Dam,  Wyoming  (Plate  3). — The  lii<ihest  masonry  dam  yet 
projected  l)y  the  United  States  HcM'laniation  Service  for  storage  of  water  for 
irrigation,  is  muler  construction  on  the  north  fork  of  the  Shoshone  river, 
Wvomhig,  iu  a  gorge  of  solid  gi'anite,  i)resenting  a  rare  op])ort unity  for  a 
dam  of  unusual  height  because  the  walls  are  l>ut  70  k^ot  apart  at  the  stream 
level,  and  the  gorge  is  l)Ut  200  feet  wide  at  a  liei«rlit  of  250  feet.  The 
canyon  was  found  to])e  filled  with  detritus  to  a  depth  of  ()5  feet,  so  that  a 
dam  of  305  fiu't  maxinnini  heiglit  will  be  re(iuired.  The  dam  will  be 
arched  hi  plan  with  a  radius  of  J 50  feet  at  centiM*.  having  a  top  width  of 
10  feet,  a  l)atte!'  on  the  u[>->treani  face*  of  15'  ,'  foi*  215  feet  from  the  top, 
anon  the  down-stream  >i(le  25',  for  the  same  vertical  distance.  Below 
this  elevation,  coinciding  with  the  stream  be<l,  it  will  extend  vertically  on 
both  faces  to  the  bedrock.     The  base  will  therefore  be  lOS  feet  in  width. 
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The  elevation  of  the  crest  of  the  dam  will  be  5370  feet  above  sea  level, 

at  a  height  of  10  feet  above  the  high  water  line  of  the  reservoir.  The 
length  of  the  dam  on  top  will  be  but  175  feet. 

The  volume  of  masonry  required  was  computed  at  but  69,000  cubic 
yards.  The  contract  for  the  construction  was  let  September  18,  1905,  to 
Prendergast  &  Clarkson  of  CMcago^for  the  sum  of  $515,730,  including 
outlet  and  spillway  tunnels. 

Mr.  H-  N,  Savage,  M.  Am,  Soc.  C*  E*,  is  supervising  engineer.  The 
reservoir  will  Imve  a  capacity  of  456,000  acre-feet.  The  water  will  be 
used  for  irrigation  in  the  Bighorn  \' alley,  Wyoming,  The  river  heads 
partly  in  the  Yellowstone  Park,  and  carries  a  minimum  flow  of  250  sec-feet, 
with  a  maximum  of  10,(XX)  pec-feet. 

The  Pathfinder  Dam,  Wyoming  (Plat«  3). — For  the  storage  of  water 
to  irrigate  lands  in  the  fertile  valley  of  the  North  Platte  river  in  eastern 
Wyoming  and  western  Nebraska,  the  Unite^l  States  Reclamation  Service 
is  constructing  a  dam  in  tlie  heart  of  the  Rocky  mountains,  bolow  the 
junction  of  the  Sweetwater  and  North  Platte  rivers.  The  dam  is  to  be 
210  feet  high^  from  lowest  foundation  to  the  crest,  with  parapets  4  feet 
higher  on  either  side.  The  width  on  the  cr^t  is  to  be  16  feet,  at  a  height 
of  10  feet  above  the  spillway  level,  which  is  5850  feet  above  mean  tide. 
The  thickness  at  the  base  is  100  feet.  It  is  curved  up-stream  with  a  radius 
of  150  feet  at  center  of  crest,  with  up-stream  batter  of  15' J  and  down- 
stream batter  of  25 9J.  uniform  throughout.  The  length  on  top  is  approx- 
imately 390  feet.  The  location  is  in  a  narrow^  gorge  of  red  granite,  with 
vertical  side  walls,  quite  sunilar  to  that  of  the  Shoshone  dam. 

The  cubic  contents  of  the  dam  are  estimated  at  55^000  cubic  yards. 
The  outlet  for  the  reservoir  is  through  a  tunnel,  to  be  used  for  the  diversion 
of  the  river  during  construction  of  the  danu  This  tunnel  is  4S0  feet  long^ 
and  w^as  completed  August  15,  1905,  by  Kilpatrick  Bros.  &  Collins  Con- 
tracting Co,,  of  Beatrice,  Neb,,  at  a  cost  of  $33,259,75, 

The  contract  for  the  dam  was  awarded  September  1,  1905*  to  the 
Cieddes  &  Seerie  Stone  Co,,  of  Denver,  the  contractors  who  built  the  lake 
Cheesman  dam,  for  the  sum  of  $482,000, 

A  spillway  about  600  feet  in  length,  designed  for  a  discharge  capacity 
of  43,000  sec-feet  will  be  constructed  at  the  north  end  of  the  dam,  and 
excavated  in  solid  rock  %vith  the  exception  of  150  feet. 

The  reservoir  will  exteru!  23  miles  up  the  North  Platte  and  15  miles  up 
the  Sweetwater  river,  covering  an  area  of  21,774  acres,  and  having  a 
capacity  of  1,025,330  acre-feet. 

In  connection  with  this  work,  the  Interstate  canal  is  being  built, 
starting  on  the  river  about  55  miles  above  the  Nebraska- Wyoming  line, 
with  a  capacity  of  1400  sec-feet  at  the  head,  1200  sec-feet  at  the  95th 
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mile,  and  500  sec-feet  at  the  100th  mile.  The  total  length  will  be  about 
168  miles,  and  the  area  to  be  irrigated  will  be  about  282,000  acres. 

The  Upper  Otay  Dam,  California. — Next  to  the  Bear  Valley  dam,  which 
has  been  the  marvel  of  the  engineering  world  for  twenty-four  years,  and 
still  in  service,  the  slenderest  dam  in  California  or  any  other  part  of  the 
globe,  is  undoubtedly  the  concrete  structure  erected  in  1900,  sixteen  miles 
southeast  from  San  Diego,  California,  in  connection  with  the  other  storage 
works  of  the  Southern  California  Mountain  Water  Co.  Although  it  has 
an  extreme  height  of  84  feet,  it  is  but  14  feet  thick  at  the  base,  4  feet 
tliick  at  tof),  and  ,'^50  feet  long  on  the  crest.  It  is  curved  up-stream 
with  a  radius  of  .'^50  feet  (Fig.  240). 

The  dam  site  is  in  a  porphyry  rock  gorge,  on  the  west  fork  of  the  Otay 
creek,  at  such  an  elevation  that  the  full  water  line  of  the  Lower  Otay  res- 


Cros*- Section. 
Fig.  249.— UrrEU  (>tay  D.lji,  California.     Plan,  Section,    .\d  Elevation. 

ervoir  will  touch  the  l)aso  of  the  upper  (lain.  The  widtli  hotwc^n  solid  rock 
wall  at  the  stream  lied  is  l)ut  20  feet.  The  dam  was  started  as  a  ma.sonry 
structure,  and  was  first  built  t()  a  hei<3;ht  of  34  feet  (,See  Fi«:.  250). 

Beginning  on  this  foundation  suUsequently  two  tiers  of  steel  plates, 
riveted  together,  and  l)oIted  to  the  masonry,  were  first  erected,  extending 
from  side  to  side  of  the  canyon,  reaching  to  within  40  fei^t  of  the  top.  These 
were  enveloi)ed  in  concrete  on  l)oth  sides.  Above  the  top  of  these  plates 
a  line  of  old  railway  cables,  li  inch  in  diameter,  was  placed  in  the  center 
of  the  concrete  wall  every  two  feet  in  height  to  the  top  the  entire  length 
of  the  dam.  No  other  reinforcement  was  used.  The  wall  was  built 
vertical  on  the  up-stream  face,  and  stepped  off  on  the  down-stream  side, 
with  seven  square  ofTset.s  of  1  to  1.5  feet  at  irregular  intervals.  The  reser- 
voir has  a  storage  capacity  of  nearly  2000  acre-feet,  but  the  watershed  area 
is  so  small  that  it  is  never  expected  to  be  filled  from  its  own  run-off,  and 
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will  be  supplied  by  a  conduit  from  the  Barrett  dam,  on  Cottonwood 

creek. 

If  the  dam  should  break  un<ler  full  reservoir  pressure  no  very  serious 
coosequences  could  ensue,  on  account  of  the  large  size  of  the  Lower  Otay 
reservoir,  into  which  the  water  would  be  discharged.  Neither  of  the  reser- 
voirs have  ever  lieen  filled. 

The  dam  must  be  regarded  as  one  of  the  most  interesting  of  modern 
structures  in  that  line,  whose  ultimate  fate  will  always  be  looked  upon  with 
luriosity  by  the  professiotu 
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PiG»  230. — Upper  Otay  T>am..     Foundation  Masonbt, 

Fig.  251  1=3  a  recent  photograph  of  the  dam,  for  which  the  writer  is 
indebted  to  Mr.  N*  L.  Hall,  one  of  the  engineering  staff  of  the  company* 
Fig,  252  was  taken  shortly  after  the  completion  of  the  dam. 

The  Mariqulna  Dam,  Manila,  P.  I.— The  new  water  supply  of  the  City 
of  Manila^  Philippine  Islands,  is  to  be  taken  from  theMariquina  river,  about 
sixteen  mites  northeast  of  the  city,  in  connection  with  which  a  masonry 
dam  was  erected  in  1906,  in  a  narrow  gorge  of  the  river,  creating  a  reservoir 
of  about  2,000,000,000  gallons  capacity  (6100  acre-feet).  The  dam  ia 
400  feet  long  on  the  crest,  and  has  a  maximum  height  above  the  stream 
bed  of  about  75  feet.  The  central  portion  of  the  dam  for  160  feet  ia  designed 
aa  an  overpour  rollway,  the  crest  of  which  is  15  fi^t  lower  than  the  re- 
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tnainder  of  the  dam.  The  dam  is  17  feet  wide  on  the  crest.  The  section 
(Fig.  253)  shows  the  profile  of  the  structure  and  its  principal  dimensions. 
The  dam  is  founded  on  solid  bedrock,  to  which  it  is  bonded  by  stepping  and 
grooving  the  rock  after  all  unsound  and  fissured  portions  had  been  removed. 
The  body  of  the  dam  is  built  of  rubble  concrete  masonry  containing 
about  50%  of  large  stones,  laid  so  irregularly  as  to  avoid  continuous  joints 
or  courses.  The  stone  used  is  a  hard  crystalline  limestone  or  marble.  The 
concrete  is  a  1 :  2i :  5  mixture,  the  aggregate  being  gravel  and  broken  stone 
up  to  two  inches  diameter.    The  faces  are  built  of  coursed  rubble,   the 
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Fig.  253. — riioFiLE  of  Mariquina  Dam,  Manila,  P.  I.,  AVaterworks. 


stones  being  dressed  so  as  to  make  ■]  inch  joints  for  a  depth  of  at  least  4 
inches.  These  were  raked  out  and  pointed  with  1:1  mortar.  The  total 
volume  of  the  dam  Ls  about  28,()00  cul)ic  yards. 

The  gate  house  controlling  the  flow  from  the  reservoir  to  the  pipe  line 
is  built  Jis  a  part  of  the  dam  at  one  end  of  the  spillway  section.  It  is  27X  40 
feet  in  size,  the  Icmgost  dimension  being  parallel  with  the  dam.  Two  pipes 
pass  through  it,  one  of  which  is  42  inches  in  diameter,  carrying  the  supply 
to  the  city  and  the  other  36  inches  in  diameter,  serving  as  a  waste  pipe. 

The  main  ]>ipe  line  from  the  reservoir  is  42  inches  in  diameter,  of  riveted 
steel.  10\   miles  long,  discharging  into  an  aqueduct  built  on  a  hydraulic 
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grade  to  its  terminus  in  the  city  'iistributing  reservoir  of  1 12  feet  above  sea 
level.  This  reservoir  is  excavate<i  largely  in  rock,  and  has  a  capacity  of 
60,000,000  gallons.  The  flow  into  and  out  of  the  reser\'oir  is  controlled  by 
a  gate  house  with  senii-circular  ends,  47'  8*^X26'  8",  quite  similar  in  design 
and  detail  of  controlling  tank  and  gates  to  the  four  reser\'oir  gate  houses  in 
the  distributing  system  of  Portland,  Oregon. 

The  works  were  built  under  the  direction  of  Maj.  J.  F.  Case,  M.  Am. 
Soc.  C.  E.,  chief  engineer  of  the  Department  of  Sewers  and  Waterworks 
Construction,  formerly  assistant  engineer  on  waterworks  construction 
in  Portland,  Oregon. 

Dams  in  Mexico, 
the  old  and  new  dams  of  la  jalpa,  guanajuato,  mexico. 

The  Old  Dam. — Scattered  over  the  RepuV^lic  of  Mexico  are  many 
venerable  masonry  dams  which  date  back  to  the  Spanish  regime,  whose 
history  and  description  would  make  an  entertaining  chapter  were  complete 
data  obtainable.  They  were  generally  built  on  private  estates  or  haciendas 
to  store  water  for  irrigation. 

One  of  these  is  situated  on  the  Hacienda  La  Jalpa,  25  miles  from  the  city 
of  Leon,  in  the  northwestern  portion  of  the  State  of  Guanajuato,  now  the 
property  of  Mr.  Oscar  J.  Braniff,  of  Mexico  City.  The  dam  was  built  about 
250  years  ago,  and  was  regarded  at  the  time  as  such  a  notable  structure  that 
the  King  of  Spain  createil  for  its  owner  a  special  hereditary  title,  called  the 
**Conde  de  la  presa  La  Jalpa" — the  Count  of  Jalpa  dam.  t^nfortunately 
it  was  not  iis  permanent  a  structure  as  anticipated,  and  was  destroyed 
seventy  years  ago  by  a  tremendous  flood,  which  stripped  the  country,  so 
that  there  are  no  trees  now  in  its  path  over  seventy  years  of  age.  The  dam 
was  imiuodiately  rebuilt,  and  is  now  in  service. 

The  New  Dam. — Alongside  of  the  old  reservoir  and  separated  from  it 
by  a  long  narrow  strip  of  land,  is  anotlier  reservoir  site  where  Mr.  Braniff 
is  building  a  new  and  more  important  masonry  modern  dam  of  gravity 
type  after  the  Wej^jniann  profile.  The  two  watersheds  are  quite 
intleiwndent,  but  the  overflow  from  the  old  reservoir  is  taken  into  the  new 
one  by  an  arlilicial  channel  tln'ough  the  ridge.  The  new  dam  is  nearing 
C(»niplet.i<ni,  and  is  expected  to  be  dedicated  within  a  year  with  appropriate 
ceremonies  by  President  Diaz  and  his  wife.  It  is  located  on  the  river 
Turbio,  a  tributary  of  tlie  Lernia  river,  and  intercei)ts  a  watershed  area  of 
116  s(iuare  miles,  on  which  the  average  annual  rainfall  is  about  30  inches^ 
yielding  a  run-off  about  double  the  reservoir  capacity. 

It  was  projecte  1  over  fifty  years  ago  on  a  small  scale,  and  work  begun  on 
the  foundations  in  1S8S,  but  after  working  a  year  operations  were  suspend 
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ed  until  1902,  when  active  construction  was  resumed  and  baa  contiDued 
ever  since. 

The  dimensioaj§  uf  ihe  dam  are  as  follows: 


Length  on  top . . . , ,  IWO  feet 

Maximum  height 85.4    *  * 

Thickness  at  ba^ ^ . , 03.6     ' ' 

Thickness  at  crowti 0. 1     * ' 

Height  of  ciest  above  siiillway  l^vol    .......  G.G    *  * 

The  cubic  contents  will  be  about  92,000  cubic  yards  and  cost  completje 

about  $500,000  gold. 

The  new  ilam  surrounds  and  envelops  the  old  foundations  of  twenty  years 
ago,  to  which  it  is  joinetl  with  a  base  laid  in  Portland  cement  mortar.  The 
body  of  the  dam  is  a  rough  rubble,  formeil  of  large  blocl^  of  hard  limestone, 
up  to  3  tons  weight,  laid  in  a  mortar  of  native  hydraulic  lime  and  sand. 

There  are  five  outlets  to  the  reservoir,  on  four  different  levels,  consist^ 
ing  of  cast-iron  pipes  built  through  the  masonry.  Ttiree  meters  above  the 
base  are  two  36-itich  cast-iron  pip^,  having  a  discharge  capacity  of  over 
1000  sec. -feet  under  full  head.  At  the  sLx- meter  level,  a  24-inch  pipe  and 
valve  are  placed  for  operating  a  flour  mill  by  water  power.  Above  this  at 
the  1L5  and  IS  meter  levels  are  two  other  pipes,  delivering  water  to  lands 
that  cannot  be  reached  from  the  main  outlets  below. 

On  the  upH5treara  face  of  the  dam  an  embankment  of  clay  has  been 
built  against  the  dam  on  a  slope  of  2  on  1  to  a  height  of  33  feet.  This  is 
for  the  purpose  of  cutting  off  filtration  into  the  lower  levels  of  the  masonry, 
and  corresponds  to  modem  German  practice  in  such  structures,  I^efore 
building  this  dike  of  earth  the  joints  in  the  masonry,  which  had  been  left 
open  for  several  years,  were  carefully  pointed  with  Portland  cement 
mortar.  Care  has  been  taken  to  keep  the  masonry  wetted  during  the 
period  of  setting,  and  for  this  purpose  the  water  in  the  reservoir  has  br*en 
allowed  to  follow  up  the  building  of  the  dam  to  or  near  the  top  of  the  work. 

The  was  tew  ay  will  be  excavated  in  rock  at  one  end  of  the  dam.  It  will 
be  250  feet  long,  f%5  feet  deep. 

In  connection  with  the  two  dams,  about  18  miles  of  canals  have  lieen 
built  on  the  hacienda,  providing  for  the  irrigation  of  25»0O0  acres*  The 
plant  is  doubtless  the  most  coatly  and  important  reservoir  irrigation  work 
in  Mexico. 

The  author  is  indebted  t  j  the  courtesy  of  Mr,  Oscar  J,  Braniff  for  the 
data  concerning  these  works. 

The  capacity  of  the  new  reservoir  will  be  35,000,000  cubic  meters 
(28,370  acre-feet). 
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By  courtesy  of  Modem  Mextto,  of  St*  Louis,  Uo*,  tlie  accompannng 
views  of  two  notable  masonry  dams  at  Guanajuato,  Mexico,  are  ine^irpi*- 
rat^l  in  this?  work,  as  types  of  reservoir  construction  in  our  neighboring 
republic.  Fig.  254  shows  the  upj>er  dam,  from  wliich  water  is  suikplied  la 
the  higher  portion  of  the  city  through  a  st^nd  pi[ie  that  is  shown  in  tho 
view  of  the  low^er  dam,  or  the  **  Presa  de  la  OUa/*  Fig.  255  (froiilispieee). 

The  upper  dam  is  evitlently  a  massive,  ornate  structure  thai  would  da 
credit  to  nny  country  of  the  world,  as  far  as  exterior  appeiirances  v^m  lead 
one  to  judge,  although  the  precise  dimensions  are  unfortun;\!t''ly  hirkiixg. 
Estimating  from  the  proportions  of  the  figures  in  the  foregrountlp  the 
height  of  the  dam  must  be  at  least  80  feet. 

The  view  of  the  lower  dam  wa^  taken  on  St*  John's  Day,  the  24th  of 
lune,  whieh  is  celebrated  annually  l>y  a  function  C4illeil  the  "Fiesta  de  la 
Presa,- '  or  the  feast  day  of  the  dam* 

Sharply  at  12  o'clock  noon  of  that  day,  the  people  congregate  to  wit- 
aess  the  opening  of  the  gates,  bringing  refreshments  and  niusical  instru- 
ments for  a  picniCj  and  thus  commences  a  fortnight  of  gayety,  gaiubling, 
bull-fights,  cock-fight.s,  theater  and  dancing*  The  object  of  letting  out 
the  water  is  to  clear  the  reservoir  preparatory  to  the  advent  of  the  rainy 
season^  wliich  usually  begins  about  that  day. 

The  water  thus  releaiied  washes  out  the  river-bed  below,  which  is  the 
main  drainage  of  the  city. 

Mercedes  Dam,  Mexico. — One  of  the  large  landed  estate  of  Mexico,  in 
the  State  <>t  Durango,  is  the  Hacienda  de  Santa  Catalina  flel  Alamo  y 
Anexas,  which  includes  five  minor  haciendas,  or  centers  of  administration, 
embracing  more  than  one  million  acres,  and  Ijclongs  to  8enor  Pablo  Mar- 
tinez del  Rio,  of  Mexico  City,  While  a  large  part  of  tlie  estate  cousi.sts 
of  rugged  grazing  lands,  there  are  extensive  valleys  of  fertile  soil  whrre 
cotton  can  be  profitably  grown.  The  Nazas  river  ia  the  source  of  irri- 
gation supply  or  a  large  and  extremely  fertile  territfiry  known  as  tlie 
Laguna  District,  stretching  eastward  from  the  line  of  the  Mexican  (Vntral 
railway  for  50  miles  or  more,  A  litrg^  part  of  the  cotton  crop  of  Mexico 
is  produced  in  this  district.  It  hns  developed  into  such  a  profitalde 
industry  as  to  give  a  high  value  to  all  the  water  supply  available  for 
irrigation* 

The  property  of  Mn  del  Rio  adjoins  the  Lagima  District  on  the  west, 
from  which  a  number  of  small  tributaries  of  the  Nazaa  river  tirain  the 
mountainous  portion  of  the  hacienda  in  a  northeasterly  direction  from  the 
region  broatlly  known  as  the  Yerbanis  Sierra,  One  of  these  tributaries, 
called  Zorrillo  creek,  drains  an  area  of  120  square  miks  Iteforc  piiswing 
through  a  narrow  box  canyon  known  as  the  Roquillo  del  Zorrillo,  IMiiw 
this  canyon,  there  are  many  thousands  of  acres  of  faiG  land,  in  a  largti 
valley  of  a  stream  called  La  Vieja,  wiuch  onl}^  require  sufficient  watc?r 
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supply,  applied  artificially  at  the  right  timei  to  produce  cotton  or  any 
other  crops  in  abundance.  Immediately  above  the  canyon  is  a  small 
valley  of  a  few  hundred  acres,  surrounded  by  hills  and  adaptable  tor  the 
formation  of  a  capacious  reser\'oir. 

The  canyon  is  not  more  than  1,800  feet  in  length,  in  the  form  of  a  letter 
S,  and  at  its  upper  end  the  width  between  the  rock}-  walls  is  but  102 
feet  at  the  creek  bed.  These  walls  are  nearly  vertical  for  60  to  70  feet  in 
height  and  then  slope  back  at  an  angle  of  about  2  to  1  on  one  side  and  3  or  4 
to  1  on  the  other. 

This  site  was  selected  for  the  construction  of  a  masonrj-  dam,  which 
was  begun  May  14,  1901,  and  completed  May  S,  1005,  forming  one  of  the 
most  notable  dams  in  Mexico  and  comparing  favorably  with  many  of  the 
best  known  structures  in  the  world.  It  is  easily  accessible  by  good  road, 
eight  miles  from  the  station  of  Pasaje,  on  the  Mexican  International 
Bailway,  which  is  about  midway  between  Torreon  and  Durango. 
•  The  dam  has  an  extreme  height  from  the  lowest  foundations  to  the  crest 
of  40.5  meters  (132.8  feet)  of  which  8.5  meters  (27.88  feet)  m  below  the 
original  creek  bed.  The  thickness  of  the  wall  at  the  top  is  3.5  meters 
(11.48  feet),  at  the  level  of  the  creek  bed  22.2  meters  (72.8  feet),  and  at 
extreme  ba.se  it  is  25.75  meters  (84.5  feet).  The  profile  is  of  the  well  known 
Wegmann  gravity  type,  based  on  a  specific  gra\'ity  of  2  for  the  masonry. 
Its  cubic  contents  are  21,416  cubic  meters  (about  28,000  cubic  yards), 
and  its  cost  complete  was  approximately  $200,000,  Mexican  currency. 
The  wall  is  straight  for  little  more  than  half  its  length,  the  remainder 
being  cur\'ed  with  a  radius  of  60  meters,  measured  from  the  central  axis  at 
the  crest,  its  convex  side  l:)eing  up-stream.  Its  length  at  base  is  but  13 
feet;  at  the  creek  bed,  it  is  103  feet  long;  66  feet  above  the  creek  ted  it 
Is  256  feet  long,  and  at  the  crest  its  total  lengtli  is  535  feet,  not  includmg 
the  spillway,  which  is  98  feet  in  length  and  6\  feet  deep. 

A  tunnel  77.6  feet  long,  0  feet  by  6  feet  5  inches,  was  cut  out  through  the 
rock  at  the  level  of  the  stream  bed  at  the  end  of  the  dam,  through  which  the 
flow  of  the  stream  was  diverted  during  construction.  This  diversion  was 
effected  by  means  of  a  slender  wall,  built  as  a  portion  of  the  upper  face  of  the 
dam,  which  was  founrled  on  bedrock  in  a  trench  cut  for  the  purpose.  This 
tunnel  was  toniporarily  closed  with  a  wooden  l)ulkhea(l,  but  was  to  be  pro- 
vided with  a  24-inch  outlet  j)ipe  and  gate,  surrounded  by  concrete. 

To  cut  off  seepage  through  bedrock  underneath  the  dam,  a  trench, 
1  meter  wirle,  2.5  meters  deep,  was  excavated  in  the  solid  rock  above  the 
footing  of  this  wall,  the  rock  being  j)lastere<l  with  cement  and  the  trench 
refilled  witli  })U(l(iled  clay.  The  remaining  excavation  for  the  base  of  the 
dam  was  then  made,  without  molestation  from  water,  and  the  foundations 
of  the  dam  were  laitl  with  cement  mortar  for  a  thickness  of  2  meters.   On 
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the  sides  this  thickness  diminished  from  2.0  meters  next  to  the  bottom  to- 
0.75  meters  at  the  top.  In  the  body  of  the  dam  hydraulic  lime  mortar 
was  used,  made  near  the  site  from  an  excellent  quality  of  limestone  there 
existing.  The  sand  used  was  a  clean,  sharp  quartz  sand,  found  in  the  bed 
of  a  tributary  stream  some  distance  above  the  dam.  The  Portland  cement 
used  amounted  in  all  to  1800  barrels.  It  was  mixed  in  the  proportion  of  1 
to  4  of  sand,  and  hence  only  about  10%  of  the  entire  volume  of  masonry  is 
laid  in  cement,  the  remainder  being  laid  with  hydraulic  lime  mortar. 

The  character  of  masonry  in  the  body  of  the  dam  was  an  unooursed 
rough  rubble,  but  the  two  faces  were  built  of  cut  stone,  in  uniform  courses* 
of  0.6  meters  (2  feet)  on  the  lower  face  and  0.45  to  0.70  meters  on  the  up- 
stream face.  It  was  estimated  that  37%  of  the  mass  of  masonry  consists 
of  mortar. 

The  stone  at  the  dam  is  of  volcanic  origin,  classified  as  rheolite,  which 
was  so  brittle  and  of  such  irregular  cleavage  as  to  be  considered  unfit  for 
use  in  the  masonry.  The  stone  used  in  the  work  was  taken  from  a  quarry 
opened  2  kilometers  above  the  dam.  It  is  an  andesite  or  sandstone  for- 
mation of  a  reddish  color,  which  appeared  to  fill  all  requirements,  as 
it  could  be  quarried  in  large  blocks  and  was  easily  dressed  to  dimensions 
required.  When  tested  at  the  National  School  of  Engineering  in  Mexico,  it 
was  found  to  have  a  compressive  strength  equal  to  521  tons  per  square 
foot. 

The  main  outlet  of  the  dam  consists  of  a  cut-stone  culvert,  6  feet  wide, 
7.87  feet  high,  having  vertical  sides  and  a  semi-circular  arched  roof.  This 
connects  with  a  rectangular  shaft  or  tower  built  against  the  dam  on  the 
up-stream  side,  extending  from  the  base  to  and  above  the  top,  the  interior 
dimensions  being  5.1  feet  thick.  At  the  base  of  the  tower  on  the  outside  is 
a  6-foot  circular  sluice  gate  of  cast  iron,  operated  l)y  a  steel  gate  stem, 
1.75  inches  diameter,  a  ball-l^earing  geared  hoisting  device,  resting  on  a 
platform  projecting  from  the  tower  at  the  level  of  the  crest  of  the  dam. 

On  the  inside  of  tlie  tower,  against  the  face  of  the  dam  proper,  is  a 
similar  sluce  gate,  5  feet  in  diameter,  also  operated  from  the  top.  The 
method  of  operating  these  gates  is  to  fill  the  tower  with  water  through  other 
smaller  openings,  while  both  gates  are  closed.  The  outer  gate,  being  re- 
lieved of  pressure,  can  then  be  raised.  The  inner  gate,  which  can  be  kept 
well  oiled,  as  it  will  be  easily  accessible,  can  presumably  be  easily  raised 
under  full  i)ressure  as  much  as  desired.  If  it  were  opened  wide  the 
discharging  capacity  with  the  reserv'oir  but  half  full  would  be  approxi- 
mately 900  cubic  feet  per  second.  As  it  is  never  intended  to  draw  out 
more  than  40  to  50  sec-feet  for  irrigation  at  any  time,  the  evident  purpose 
of  these  huge  gates  is  to  provide  for  a  very  large  discharge  at  times,  to 
be  used  in  the  attempt  to  wash  out  silt  accumulations  from  the  reservoir^ 
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fllthou^   they   are   of  doubtfcl  value   for   this   purpose.     They  will 
probably  never  be  used  except  whea  the  res»voir  is  nearly  empty. 

The  maia  service  outlets  conost  of  two  fiaoge-joint  I2-iiick  east 
iroa  pipes,  placed  vertically  inside  the  waOs  of  the  tower  and  opening  out 
into  the  reservoir  with  six  upturned  elbows,  which  are  closed  with  cast 
iron  covers,  lifted  from  the  top  by  cables.  These  pipes  pass  through  the 
masonry  of  the  dam  underneath  the  culvert,  and  tiischarge  into  the  cement- 
Uned  canal  which  starts  at  the  base  of  the  dam  ami  is  carrieii  through  the 
canyon  to  fields  below.  Gate  valves  at  the  lower  end  contr»:)l  the  «iischarge. 
The  covers  on  the  inlet  elbowg  have  hingeii  one-inch  Sap  valves,  which  are 
raised  to  admit  water  ft^r  fillinj^  the  pipe*,  before  the  covers  are  niiseii.  and 
thus  act  as  by-pass  valves.  The  intake  elbows  are  plaeeii  in  pairs  at  depths 
of  34.4  feet,  62J5  feet  and  91.3  feet  from  the  top.  The  four  upper  ones  are  in. 
the  front  wall  of  the  tower  and  the  It3wer  two  on  the  side*.  They  connect 
with  the  vertical  atandpipes  by  means  of  fiangel  crjjsse*.  the  free  ends  of 
which  are  closed  with  cast-iron  caps  boltel  to  the  flanges. 

The  six^nch  by-pass  connections.  contn^Uel  by  gate  valve*,  open,  into 
the  tower  at  the  base  of  each  vertical  standpipe,  through  which  the  tower 
m&y  be  filled  behind  the  5-fo^t  sluice  gate. 

As  a  precaution  against  percolation  through  the  dam.  the  upper  face 
was  treated  with  alternate  washes  of  alum  dissolve!  in  water,  and  potash 
soap,  five  coats  of  each  on  the  lower  third,  four  coats  on  the  middle  third 
and  three  coats  on  the  upper  section.  Applicatit^n  was  made  by  spraying 
with  a  hand  pump. 

The  dam  was  entirely  built  by  native  lab«:>r.  with  but  few  mechanical 
appliances.  The  materials  were  haulei  to  the  :?ite  on  .small  can?  «lrawn  by 
mules  on  a  twt>frjot  gage  tramway,  huu^tel  \>y  animal  power  up  an  incline 
of  24*^^  grade,  and  •■iLrrriltute'l  uver  the  'lam  \>y  rM'rrai»le  Tracks  and  cars 
pushed  hy  han<i.  The  m^^^rr.ir  vv-a.--  nuxe«i  in  a  v^t^:  .»n^r'ireil  :»y  mule  power 
and  locate!  about  a  niile  an«.'ve  the  'lam.  where  warer  u'as  *.»nraine!  from 
welb.  It  was  deliverer  1  '-n  rhe  >ame  track  l>y  which -r«.)ne  wa;?  brought 
from  the  quarrj'.  During  the  fir^^t  year  oi  ct.»n5tructi«jn  the  work  was  over^ 
topped  by  freshets  .several  times  wirhr.ut  injury.  Durinc:  trie  -econd  ye:^ 
the  run-<jfr  wa.s  very  small  anri  the  w«jrk  wa.s  interruptel  ^»y  fi«»L?;  in  fact, 
a?^hortageof  water  f«>r  con^tn^tifin  was  experience  I  f'jr  a  brief  period. 
The  dam  reached  a  height  «.»f  In  meters  during  that  seiL^^'n. 

At  the  cl«>fe  of  the  nuny  .season  in  the  fall  oi  1'.>.».5.  the  water  in  the 
refter\'oir  had  reached  a  height  of  only  13.5  meten?  44  feet'  aV>ove  the  floor 
of  the  outlet  culvert.  With  tlie  water  standing  at  this  height  in  the  res- 
er\'oir  dampness  and  sweating  wa.s  observed  on  the  d<jwn-stream  face  of 
the  dam,  but  this  completely  disappeared  a  few  days  later.  Leakage 
through  the  V^edrock  at  the  sides  of  the  dam  and  into  the  tunnel  continued 
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as  long  as  water  remained  In  the  reservoirj  although  in  finely  distributed 
filt rations,  through  minute  seanis  and  not  in  a  manner  threatening  the  least 
danger  to  the  dam. 

By  the  end  of  August,  1906,  the  reservoir  was  filled  to  the  height  of 
46^feet,  but  without  the  reapj^earanee  of  moisture  on  the  face  of  the  dam, 
although  the  leakage  through  bedrock  seams  was  renewed  in  the  same 
amount  as  before.  As  the  stream  carries  a  large  quantity  of  silt  at  times, 
it  is  expected  that  the  seams  in  the  rock  may  ultimately  be  closed  by  the 
fine  particles  of  silt  drawn  into  them  and  finally  shut  off  all  further  leakage- 
Water  Supply. — The  discharge  of  the  stream  was  measured  during  the 
time  of  construction  of  the  dam,  as  follows:  1901,  4306  acre- feet;  1902, 
26,000  acre-feet;  1903,  2830  acre-feet;  1904, 8590  acre-feet;  1905, 5463  acre- 
feet;  average  9438  acre-feet  This  h  a  run-off  of  24  to  217  acre-feet  per 
square  mile  per  annum,  averaging  7S.6  acre-feet  i>er  square  mile.  The 
rainfall  at  the  dam  ha^  been  recorded  as  follows:  1901^  11,65  inches;  1902, 
24,84  inches;  1903,  16.38  inches;  1904,  14.S0  inches;  1905,  16,36  inches. 
The  rainy  season  l>egiiis  in  June  and  ends  in  November,  the  heaviest 
rains  occurring  in  the  month  of  September,  before  and  after  the  equinox. 

Owing  to  the  precipitous  and  impermeable  nature  of  the  watershed 
and  the  lack  of  the  retarding  influences  of  forests  and  gravel-filled  valleys, 
the  run-off  ia  torrential  in  c!iaracter  and  at  times  reaches  a  rate  of  7000  cul>ic 
feet  per  second.  The  waterslied  m  about  42  miles  in  extreme  length  and  the 
summit  elevations  nuire  than  3000  feet  higher  than  the  dam.  Owing  to 
the  irregularity  in  rainfall  the  water  supply  h  correspondingly  fluctuating^ 
amounting  to  consideral>ly  lem  than  the  reserv^oir  capacity  during  four 
of  the  five  years  in  which  it  %vas  measured, 

.  The  reservoir  floods  an  area  of  416*4  acres  and  has  a  capacity  of  12,000 
acre-feet. 

The  spillway  of  the  reservoir  was  excavated  from  the  solid  rock  at  the 
north  end  of  the  dam  to  a  width  of  30  meters  (98.4  feet)*  The  crest  is  well 
paved  with  masonry  laid  in  cement.  It  is  tw^o  meters  in  depth  below  the 
crest  of  the  dam.  Its  capacity  is  said  to  be  double  the  amount  deduced  as 
essential  by  observ^ation  of  the  volume  and  duration  of  maximum  floods, 
and  considering  the  equalizing  action  of  the  reservoir  capacity  in  the  two 
meters  of  depth  over  the  sill  of  the  spillway. 

Irngation^ — The  area  of  land  which  may  be  irrigated  from  the  reservoir 
has  yet  to  be  determined  from  th^observation  of  catchment  during  a  period 
of  years*  If  the  reservoir  could  be  filled  once  each  \^ear,  it  would  suffice 
for  the  irrigation  of  5000  acres.  A  single  crop  of  cotton  produced  on  this 
area,  with  the  noi  mal  yield  of  one  bale  i>er  acre,  valued  at  J50  per  bale, 
would  more  than  repay  the  cofe>t  of  the  dam»  The  investment  is  therefore 
to  be  regarded  as  a  profitable  one. 
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SQL — OLeenAtiops  on  the  Tofamie  of  sh  braof^  to  the  : 
Seated  that  at  tunes  it  might  reach  as  hig^  as  three  per  cent.  Upoo  tha 
advieeoftheasthora  partial  predpitatioo  of  the  sOt  viD  be  made  bj  the 
btdldmg  of  some  small  dams  abofve  the  main  resenroir,  as  anr  attonpt  to 
almee  it  out  <rf  the  reservoir  ecmld  onl  v  resuh  in  a  loas  of  valuable  Tater, 
vithaot  BKA-ing  more  than  an  inappreciable  qoantitr  of  the  silt  wUdi 
had  precipitated  over  the  floor  of  the  reservoir. 

Cawal  Sydem. — ^The  main  canal  is  2100  meters  in  length,  mostly  fined 
vith  mascmry.  It  has  a  section  of  2.75  square  meiers  and  a  grade  of  5  feet 
in  lOfiOO  (2.61  feet  per  mile  >.  From  the  end  of  the  main  canal  a  smaller 
Atch  with  a  section  of  one  square  meter  and  having  the  same  slope  or 
grade  as  the  main  canal,  is  carried  to  the  south  a  toial  distance  of  6500 
meters  (4.4  miles  r,  while  toward  the  north  extends  a  ditch  with  a  sectioD  of 
IJS  square  meters  and  a  fall  of  1  per  lOOi)  for  a  distance  of  1560 
This  ditch  has  9e\'eral  drops  of  2  to  3  meters,  built  in  masonry. 
ditches  have  a  combine^!  length  of  S600  meters  '5.S  miles)  as  far  as  eom- 
fdeted,  and  eonmiand  an  area  of  5000  acres,  on  a  portion  of  which  a 
aatisfaetory  crop  of  cotton  was  produced  in  Ki06. 

The  dam  was  designed  by  Carlos  Patoni,  C.  EL.  of  Durango,  and  the 
eonstruction  was  carried  out  under  direction  of  Xico.is  Duran,  C.  E.,  of 
liexioo  City,  to  whom  the  author  is  indebted  for  the  facts  embodied  in  the 
foregoing  description,  as  well  as  to  P.  Bametche,  the  intelligent  foreman  in 
more  immediate  charge  of  the  work. 

FigB.  256,  257,  and  25S  are  excellent  photographs,  taken  during  eon* 
atmction  and  after  completion  of  the  dam. 

Masoxrt  Dams  in  Vakious  Parts  of  the  World. 

The  data  for  the  fr-IIowing  conien^  1  descripiinns  of  the  principal 
masonry  dam*?  of  the  worii  have  r>een  eleanei  :r« »ni  iriany  source?,  including 
the  Minuter?  of  Proceedings  "f  the  lri-tituTi^«n  of  Civil  Engineer?,  the  Trans- 
actions of  the  American  S<»ciety  of  Civil  Engineers.  Enj(^iri(iririg  .Vfirs, 
Engineering  Rrcord,  and  other  jvjurnuk,  hut  chiefly  from  the  exhaustive 
and  valuable  work  on  ''The  Design  and  Construction  of  Dams,"  by 
Edward  Weginann,  M.  Am.  Soc.  C.  E. 

Dams  ix  Spain*. 

The  Del  Gasco  Dam,  Spain. — To  the  engineer  the  histon.'  of  the  failure 
of  a  structure  i.s  quite  as  interesting  and  valuable  as  that  of  a  successful 
coastruction,  and  the  ca.se  of  the  old  dam  Ptarte^J  on  the  Guadarrana  River, 
in  1788,  Is  an  excellent  example  of  the  fact  that  Spanish  engineers  of  the 
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18th  eenttiry  were  not  as  scientific  as  their  descendants  of  the  present  day. 
The  dam  was  a  pretentious  structure,  and  was  to  have  Ijeen  305  feet  in 
height,  823  feet  long;  with  a  base  thickness  of  236  feet.  an*l  a  crest  width  of 

13  feet.  It  was  straight  in  plan,  consisting  of  tw^o  parallel  walls,  each  9,2 
feet  thick,  connected  by  cross-walls,  leaving  compartments  to  be  filled 
Tirith  atones  laid  in  a  mortar  of  clay.  When  the  dam  reached  a  height  of 
187  feet  a  severe  storm  filled  the  i-e.servoir,  overtopped  the  dam,  and  so 
saturated  the  clay  that  its  swelling  forced  out  a  part  of  the  front  w^all. 
After  this  discouraging  experience  the  dam  was  abandoned. 

The  Almanza  B&m,  Spain. — The  oldest  existing  masonry  dam  was 
erected  in  the  Spanish  province  of  Alhacete  prior  to  1586*  It  is  built  of 
rubble  masonry,  faced  with  cut  stone^  and  is  iS7.S  feet  high,  33.7  feet  thick 
at  base,  and  of  the  same  thickness  for  23.5  feet  of  its  height,  the  upper  side 
being  vortical,  and  the  lower  face  stepped.  The  crest  is  9.84  feet  thick. 
The  lower  48  feet  is  built  on  ctirved  plan  with  radius  of  8G  feet.  The 
upper  portion  is  irregular.  The  maximum  prci^siire  upon  the  masonry  is 
14.33  tons  per  square  foot 

The  Alicante  Dam,  Spain* — ^This  structure,  erected  in  a  narrow  gorge 
on  the  river  Mont^gre,  in  1579  to  1594,  is  the  highest  dam  in  Spain,  and 
is  used  for  irrigation  of  the  plains  of  Alicante.  The  height  is  134,5  feet, 
the  base  w^idth  being  110.5  feet,  and  the  crest  (j5,G  feet.  The  gorge 
is  remarkably  narrow,  being  but  30  feet  at  bottom  and  100  feet  at  the  top 
of  the  dam.  The  dam  is  curved  in  plan,  with  a  radius  of  351.37  feet  on  the 
up-stream  face  at  credit,  which  has  a  batter  of  3  to  41.  The  dam  is  built 
of  rubble  masonry,  faced  with  cut  stone.  It  is  supposed  to  have  been 
designed  by  Herreras,  the  famous  architect  of  the  Escurial  palace. 

The  refiervoir  formed  by  the  dam  is  small  for  so  large  a  structure, 
having  a  length  of  but  5900  feet  and  a  capacity  of  975,000,000  gallons 
{Wm  acre-feet). 

The  stream  carries  such  a  large  volume  of  silt  that  it  is  necessary  to 
scour  out  the  sediment  by  a  device  called  a  scouring-gallery.  The  scouring 
is  done  every  four  years.  The  gallery  is  a  culvert  through  the  center  of  the 
dam  at  the  bottom,  5.9  feet  wide,  8.8(i  feet  Ingh  at  the  upper  end,  and  en- 
largtd  below.  The  mouth  is  closed  by  a  timber  bulkhead,  which  is  cut  out 
from  below  when  the  scouring  is  to  be  done.  The  sediment  forms  to  a 
great  depth  above  the  mouth  of  the  culvert,  and  hm  to  lie  started  to  move 
by  punching  a  hole  throngh  it  with  a  heavy  iron  bar.  The  total  cost  of 
scouring  the  reservoir  amounts  to  $50.  The  sediment  which  is  not  swept 
out  bv  ihi^  velof  itv  of  the  current  Is  shoveled  into  the  stream  by  workmen. 

The  Elche  Bam,  Spain,— This  structure  has  a  maximum  height  of  7GJ 
feet  and  a  base  of  39.4  feet,  and  is  formed  in  three  parts,  closing  converging 
Talleys,  The  principal  wall  ]^  530  feet  long  and  Ijuilt  of  rubble  faced  with 
cut  stone.  It  is  curved  in  plan,  up-stream,  with  a  radius  of  205.38  feet. 
It  is  provided  with  a  scoursrine-^luice  similar  to  that  at  the  Alicante  dam, 
but  so  designed  as  to  be  safer  for  the  workmen  w^ho  remove  the  timbers 
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forming  the  bulkhead  at  the  mouth  of  the  sluice.  The  dam  is  located  near 
the  town  of  Elche,  on  the  Bio  Vinolapo. 

The  Pnentes  Dam,  Spain. — ^This  structure  is  noted  because  it  was  of 
unusual  height  and  massiveness,  and  yet  failed  by  reason  of  its  having 
been  founded  on  piles  driyen  into  a  bed  of  alluvial  soil  and  sand  instead 
of  bed-rock.  It  was  erected  in  1785  to  1791,  on  the  Guadalantin  River, 
at  the  junction  of  three  tributary  streams,  and  stood  successfully  for  eleven 
years,  during  which  time  the  depth  of  water  never  exceeded  82  feet,  but 
in  1802  a  flood  occurred  which  accumulated  a  depth  of  154  feet  in  the 
reservoir,  and  produced  sufficient  pressure  to  force  water  through  the 
earth  foundation.  The  reservoir  was  emptied  in  an  hour,  the  pipe  founda- 
tion was  washed  out,  and  a  breach  in  the  masonfy,  56  feet  wide,  108  feet 
high,  was  created,  destroying  the  dam  and  leaving  a  bridge  arching  over 
the  cavity.  The  extreme  height  of  the  dam  was  164  feet,  and  its  crest 
length  was  925  feet;  its  thickness  at  base  was  145.3  feet,  and  at  top  35.72 
feet.  The  extreme  pressure  on  the  masonry  was  computed  by  M.  Aymard 
at  8.12  tons  per  square  foot.  It  was  built  of  nibble  masonry,  with  cut-stone 
facings,  and  was  polygonal  in  plan,  with  convexity  up-stream.  Water  was 
taken  from  it  through  two  culverts,  one  near  the  base,  and  the  other  100 
feet  from  the  top.  These  were  5.4  feet  wide,  6.4  feet  high,  and  connected 
with  masonry  wells  having  small  inlet-openings  from  the  reservoir.  A 
scouring-sluice,  22  feet  wide,  24.7  feet  high,  was  also  provided  through  the 
dam,  divided  by  a  pier  into  two  openings  at  its  mouth  to  shorten  the  span 
of  the  timbers  that  closed  it.  At  the  time  of  the  break  the  mud  deposited 
in  the  reservoir  was  44  feet  deep. 

The  disaster  caused  the  loss  of  608  lives  and  the  destruction  of  809- 
houses.    The  property  loss  was  estimated  at  $1,045,000. 

The  dam  is  reported  to  have  been  recently  restored,  and  was  doubtless- 
extended  to  bed-rock  for  its  foundation. 

Val  dc  Infiemo  Dam,  Spain. — This  dam  is  116.5  feet  high,  and  founded 
on  rock.  It  has  an  enormous  section,  the  base  width  being  137  feet.  Even 
within  15  feet  of  the  top  the  thickness  of  the  wall  is  over  97  feet.  It  was 
built  for  irrigation  in  1785  to  1791,  and  is  located  on  one  of  the  branches 
of  the  Guadalantin  River,  above  the  Puentes  dam.  It  is  not  now  in  service, 
and  the  reservoir  has  entirely  filled  with  sediment.  The  scouring  of  the 
silt  from  the  reservoir  injured  the  property  below,  which  led  to  the  aban- 
donment of  the  structure. 

The  scouring-sluice  of  the  dam  is  14.8  feet  high,  9  to  12.3  feet  wide. 

The  Nijar  Dam,  Spain. — This  dam  has  a  maximum  height  of  101.5  feet 
above  the  bed  of  the  stream,  and  consists  of  a  massive  base  of  masonry, 
144  feet  thick,  70  feet  high.  On  this  the  dam  proper  rests,  having  a  base 
thickness  of  67.6  feet.  The  upper  face  is  vertical,  and  the  down-stream 
face  is  built  in  high  steps.     The  scouring-sluice,  which  is  an  appendage 
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of  all  Spanish  dams,  is  3,3  feet  wide  by  7.2  feet  high,  closed  at  Its  upper 
end  by  a  gate  operated  by  a  long  rod  extending  to  the  top  of  the  dam.  The 
reservcJir  capacity  formed  by  the  dam  is  12,570  acre-feet* 

The  Lozoya  Dam,  Spaiii. — The  object  of  this  t^trneture,  which  was  built 
about  1850  across  the  liio  Lozoya,  was  not  to  store  water,  but  simply  as  a 
diversion* weir  to  supply  a  cantil  lending  to  the  city  of  Madrid*  Its  height 
is  105  feet,  top  length  237.8  feet,  and  it  consists  of  a  wall  of  cut  stone, 
straight  in  plan,  having  a  thickness  of  128  feet  at  base,  backed  up  partially 
by  a  sloping  bank  of  gravel.  The  canal  is  taken  through  a  tunnel  in  the 
rock  on  the  right  bank,  22.4  feet  below  the  top*  A  second  tunnel,  used 
as  a  acouring-sluicej  is  placed  7.5  feet  lower  than  the  canal,  below  which 
the  reservoir  is  allowed  to  fill  with  sediment,  A  waste-weir  is  cut  in  the 
rock,  on  the  left  hank,  11  feet  deep,  27.6  feet  wide. 

The  Viliar  Dam,  Spain. — In  1870-78  the  Spanish  Government  con- 
structed a  second  dam  on  the  Rio  Lozoya,  to  supplement  the  supply  to 
Madrid  by  storage.  The  dam  ig  170  feet  high^  547  feet  long  on  top,  154,G 
feet  thick  at  base,  14.75  feet  thick  at  the  crest,  which  is  8.25  feet  above 
the  spillway  level.  The  dam  is  modern  in  design,  and  has  a  gravity  profile 
with  large  factor  of  safety.  It  is  also  curved  in  plan,  on  a  radius  of  440 
feet.  It  is  constructed  of  rubble  masonry  throughout,  with  the  exception 
of  cut-stone  copings.  Its  cost  was  about  $390,000,  The  capacity  of  the 
reservoir  formed  by  it  is  13,050  acre-feet.  Two  seouring-sluices  are  built 
through  the  dam  and  closed  by  gates  that  are  operated  by  hydraulic  power 
from  a  central  tower. 

The  Hijar  Dami,  Spain. — Water  is  stored  for  irrigation  on  the  Martin 
Biver,  above  the  city  of  Hijar,  Spain,  by  means  of  two  masonry  dams  built 
in  1880,  The  general  dimensions  of  each  of  these  dams  are  about  alike, 
the  height  being  141  feet,  length  236  feet  on  top,  thickness  at  base  147  feet, 
and  at  crest  16.4  feet.  The  water- face  is  vertical  for  82  feet  from  the  top, 
continuing  with  a  vertical  curve  to  the  ba&e.  The  outer  face  is  in  a  series 
of  steps  below  a  point  29.5  feet  from  the  top,  each  J^tep  neing  0.5  feei  high, 
4.9  feet  wide.     Both  dams  are  arched  up-stream  with  a  radius  of  210  feet. 

One  of  the  reservoirs  has  a  capacity  of  8913  aere-feetj  and  a  water- 
shed of  17  square  miles;  the  other  impounds  4864  acre-feet,  and  receivts 
the  drainage  from  92  square  miles* 

Dams  in  France. 

The  Gros-Bois  Dam,  France, — This  structure  has  been  severely  criticised 
because  of  the  fact  that  it  would  be  more  stable  to  resist  water- pressure 
applied  from  the  lower  side  than  the  upper,  and  for  the  reason  that  it 
has  an  excess  of  masonry  over  what  would  be  required  if  it  were  distributed 
in  proper  form;  and  yet  it  has  but  a  pmall  factor  of  safety,  as  was  proven 
by  the  fact  that  it  slid  down-stream  on  its  base  about  2  incheSj  and  was 
OBly  relieved  of  strains  that  produced  cracks  and  leaks  by  the  addition 
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Fig.  259,— Furens  DaM|  St.  Etienhe,  France,  Down-stream  Face. 
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of  nine  connterforts,  13  to  37  feet  thick,  projecting  26  feet  from  the  btse. 
The  dun  was  originally  built  Tertical  on  the  down-stream  f ace,  and  stepped 
on  the  waterside.  Its  height  above  bed  is  73.2  feet,  extreme  height  92.9 
feet;  top  length  1804.6  feet;  thickness  at  base  45.9  feet,  at  top  21.32  feet. 
It  is  founded  on  argillaceous  rock,  rather  soft.  The  dam  was  built  in 
1830-38,  on  the  Brenne  River,  for  feeding  the  navigable  canal  of  Bour- 
gogne. 

The  ChaziUj  Dam  was  constructed  after  tha  general  tvpe  of  the  6ros- 
Bois  dam,  and  on  the  same  profile.  It  is  on  the  Sabine  River,  near  the  city 
of  Chazilly,  and  is  1758.6  feet  long,  73.8  feet  high,  53  feet  thick  at  base, 
13.4  feet  at  crest. 

The  Zola  Bam,  designed  by  the  father  of  the  noted  novelist,  is  one  of 
the  few  dams  depending  solely  upon  their  arched  form  for  their  stability. 
It  is  119.7  feet  high,  48.8  feet  thick  at  base,  19  feet  thick  at  top,  and  205 
feet  long  on  the  crest,  which  is  surmounted  by  a  parapet  4  feet  high.  The 
gorge  has  a  width  of  but  23  feet  at  the  base  of  the  dam.  The  radius  of 
the  arch  is  158  feet  at  the  crown.  The  water-face  has  three  steps  or  offsets 
from  the  vertical  and  the  profile  is  quite  erratic  and  irregular.  It  forms  a 
reservoir  for  supplying  the  city  of  Aix  with  water,  and  was  built  about  the 
year  1843.    It  is  made  of  rubble  masonry,  founded  on  rock. 

The  Forens  Dam. — Among  many  engineers  this  famous  dam  is  recog- 
nized as  a  model  of  correct  form,  profile,  and  dimensions,  whose  outlinea 
conform  closely  to  what  are  accepted  as  certainly  safe  and  well-balanced 
proportions  throughout,  even  though  the  volume  of  material  may  be 
slightly  excessive.  It  was  built  by  the  French  Government  in  1862  to  1866 
for  the  purpose  of  controlling  the  floods  of  the  Furens  River  and  protecting 
the  town  of  St.  Etienne  from  inundations. 

The  dam  is  183.7  feet  in  extrome  height  on  the  down-stream  side,  170.6 
feet  in  height  on  the  up-stream  side,  and  carrying  a  maximum  depth  of  164 
feet  of  water.  Its  base  thickness  is  165.8  feet,  and  it  is  16.4  feet  thick  at 
a  depth  of  21  feet  below  the  top.  The  crest  is  1*2.4  feet  wide,  and  is  used 
as  a  carriage-road;  the  top  length  is  326  feet.  The  dam  was  four  years  in 
building,  construction  being  limited  to  six  months  each  season,  owing  to* 
the  altitude  and  to  the  severity  of  the  winter  weather.  Each  year,  while 
building,  the  water  was  allowed  to  flow  over  the  top  of  the  finished  masonry, 
and  when  completed  no  leakage  was  visible  further  than  a  few  damp  spots 
on  the  lower  side  with  full  reservoir. 

The  dam  contains  52,300  cubic  yards  of  masonry,  and  cost  $318,000, 
of  which  the  city  of  St.  Etienne  paid  $190,000  for  the  privilege  of  the 
storage  for  its  domestic  supply.  The  rock  used  was  mica-schist.  Notwith- 
standing its  safe  gravity  profile  the  dam  was  curved  up-stream,  with  a 
radius  of  828  feet  for  architectural  effect.  The  volume  of  water  stored 
by  this  great  dam,  the  highest  in  France,  is  comparatively  insignificant,. 


¥ 


MASOSBY  DAMS, 


363 


being  but  1297  acre-feet  (42^,625,000  gallons).  M,  GraefT,  Chief  Engineer 
of  the  Department  of  the  Loire,  and  M*  Delocre  deBigned  the  dam,  and  M. 
MontgoHitT  was  engineer  in  charge  of  constructioc. 

The  Ternay  Bam.^ — Located  on  the  river  Temaj%  in  the  province  of 
Ardeche,  southern  France,  thk  dam  was  erected  in  1865  to  1868,  for  con- 
trolling floods  and  suppl}dng  the  neighboring  town  of  Annonay.  It  is  con- 
structed of  granite  rubble  masonry ,  and  is  founded  on  bed* rock  of  granite. 
The  proportion  of  mortar  in  the  work  was  40%.  In  plan  it  is  curved  with 
a  radius  of  1312  feet^  w^hile  the  profile  is  a  graTity  type,  resembling  that 
of  the  Furens  dam.  The  extreme  height  is  111)  feet^  and  bottom  thickness 
89.2  feet.  The  up-stream  face  is  vertical  for  58.5  feet,  and  battered  below 
that  point.  The  lowt.*r  face  is  chiefly  formed  in  a  vertical  curve  of  147,6 
feet  radius,  reaching  from  the  water-level  to  within  30.5  feet  of  the 
bottom,  the  slope  to  the  base  being  tangent  to  the  curve.  The  center  of 
the  circular  curve  is  7.5  feet  above  the  crown  of  the  dam. 

The  dam  was  designed  and  built  by  M.  Bouvier^  Engineer  des  Fonts  et 
Chauss^es,  under  the  general  direction  of  J.  B.  Krantz,  Chief  Engineer. 
The  profile  of  the  dam,  however,  is  considerably  lighter  than  the  type 
recommended  by  ^I.  Krantz  in  his  "  Study  on  Heservoir  Walls/*  which 
form  resulted  from  his  adherence  to  n  limiting  pressure  of  6  kilograms 
per  square  centimeter  (85  lbs.  per  square  inch)  upon  any  portion  of  the 
masonry,  w^hereas  the  maiimum  pressures  in  the  Ternay  dam  are  esti- 
mated to  he  9  kilos  per  square  centimeter.  M.  Krantz  comments,  how- 
ever, on  the  Ternay  dam  as  follows:  "  The  reservoir  wall  of  Ternay,  w^hich 
was  remarkably  planned  and  built  by  M.  Bouvjer,  lias,  in  my  opinion, 
scarcely  a  defect." 

The  capacity  of  the  reservoir  back  of  the  dam  is  6B6J66,000  gallons 
(2107  acre-feet).    The  total  cost  of  the  dam  was  $204,37^. 

The  Vingeanne  Bam,  France*— This  structure  resembles  the  Ternay  in 
height  and  general  form,  being  13  3.8  feet  high,  18.1  feet  thick  at  base, 
*1.5  feet  on  top.  It  is  located  near  the  town  of  Baissey,  and  was  built  in 
1885. 

The  Ban  Bam,  France. — Next  to  the  Furens  dam  in  height  the  reservoir 
wall  constructed  in  1867  to  1870,  near  the  city  of  St.  Chamond^  was  built 
upon  the  same  general  principles,  except  that  a  greater  maximum  pressure 
was  permitted  upon  the  masonry,  the  computed  extreme  being  8.18  tons 
per  square  foot.  Its  extreme  height  is  157  feet,  length  512  feet,  base  thick- 
ness 127  feet*  top  width  16.4  feet  The  wall  is  battered  or  curved  on  both 
sides,  there  being  no  vertical  faces,  Tn  plan  it  is  curved  convex  up-stream. 
It  is  composed  of  rubble  masonry  founded  on  rock.  It  is  used  for  the 
supply  of  the  eity  of  St.  Chamond,  and  its  cost  was  $190,000. 

The  Verdon  Bam,  France. — This  structure  is  not  of  great  height,  being 
but  59  feet,  but  its  construction  presented  great  difficulties,  owing  to  the 
volume  of  water  carried  by  the  Verdon  river^  and  the  narrow  canyon  in 
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which  it  wa.-*  placefL  The  low-water  flow  U  350  ?econd-feet,  while  in  floods 
the  di.'^charjfe  reacha*  over  42iJ0  second-feet.  The  «idm  hail  ti>  be  founded 
on  rock,  after  excavating  20  feet  through  gravel  and  bowlders:  and  d»  the 
canyon  ia  but  130  feet  wide  at  the  top  of  the  dam  and  eon-iderably  less 
at  the  water-level,  there  was  little  room  to  do  the  work  and  take  off  the 
coni^tant  flow. 

The  dam  is  used  for  diverting  water  to  a  canal,  supplying  the  city  of 
Aix  and  other  places  in  the  vicinity.  The  dam  proper  is  curv»^l  up-stream 
with  a  radius  of  10H.8  feet,  resting  on  a  rectangular  base  of  concrete.  The 
masonry  consists  of  rubble  with  cut-;?tone  facings.  The  general  dimen- 
sions are: 

Length  on  top 131.3  feet. 

Thickness  of  base 3?..>    - 

Thickness  of  crest H.2     " 

Height  above  river-bed 4o.*^     " 

Height  above  foundations ol'.o    " 

The  concrete  foundation  has  a  thickness  of  4S  feet.  This  is  protected 
from  the  falling  water  by  an  embankment  of  large  blocks  of  loose  stone. 
The  maximum  depth  of  overflow  was  estimated  at  16.4  feet. 

The  Pas  Ba  Biot  Sam,  France. — Subsequent  to  the  construction  of  the 
Parens  dam,  a  second  storage-reservoir  for  the  further  supply  of  the  city 
of  St.  Etienne  was  built  in  18T2  to  1878  to  the  height  of  113.2  feet,  curved 
in  plan,  and  similar  in  profile  to  its  greater  neighbor.  The  reservoir  formed 
by  it  has  a  capacity  of  343,380,000  gallons  (1054  acre-feet).  The  cost  of  the 
dam  was  $2r>f>/K)0. 

The  Cotataj  Dam,  France. — In  1885  a  dam  was  built  on  the  Cotatay 
brook  near  the  city  of  St.  Etienne  to  supply  the  city  of  Chambon-Feuge- 
rDlIes.  This  also  is  of  the  Furens  type,  cur\'ed  in  plan,  and  has  a  maximum 
height  of  144.3  feet,  with  maximum  depth  of  water  of  121.4  feet.  It  is 
cur\'c<l  on  a  radius  of  1148  feet,  and  is  oOS  feet  in  length  on  top.  It  was 
built  in  1900-04  on  the  Cotatay  river  by  M.  Reuss,  Engineer  of  Bridges 
and  Roads. 

The  Pont  Dam,  France. — This  structure,  of  granite  rubble,  founded  on 
rock,  has  a  maximum  l^'n^rth  of  495  feet  and  an  extreme  hei^rht  of  .^5  feet. 
It  is  curv^'«l  in  plan,  with  a  rarlius  of  131-2.1  f^-t.  The  bn>e  thickness  is 
62  feet,  and  crest  10.1  f«-et.  The  water-face  batters  4.2  feet  in  its  total 
height. 

On  the  lower  fnee,  from  the  top  down  for  62.3  feet,  is  a  vertical  curve, 
whose  radins  is  98.1  feet.  The  remainincr  heicrht  has  a  battor  tanorent  to 
this  cun-e.  Xearly  20  fer't  of  the  base  of  the  dam  is  below  the  river-bed. 
Seven  connterforts  or  buttresses,  16  feet  lon^r.  3  feet  thick,  help  sustain 
the  dam.  The  dam  was  built  in  1883  on  the  Armangon  River,  2i  miles 
from  the  city  of  Semur. 
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The  Cliartram  Dam,  France. — The  profile  of  this  modern  structure, 
built  in  1888-1*:;;,  is  one  of  the  most  graceful  ami  seieutific  in  design  of  all 
of  the  French  dams  of  reeent  construction*  It  has  a  maximum  height  above 
lowe;?!  foundations  of  ahout  180  feet,  and  a  ba!?e  width  on  top  of  founda- 
tions of  135  feet,  the  foundationi?  extending  above  and  below  the  toes  of  the 
wall  to  a  total  width  of  IM  feet. 

The  dam  Is  located  on  the  river  Tache,  and  was  built  to  store  water, 
for  the  supply  of  the  city  of  Roaniie.     The  reservoir,  however,  is  quite 
small  for  so  high  and  cosjtly  a  dam,  covering  hut  54.3(5  acres  in  area  and 
impounding  3647  acre-feet  to  a  mean  depth  of  67  feetj  or  41%  of  the 
maximum  depth. 

The  cost  of  the  dam  was  $420,000,  or  $115.10  per  acre-foot  of  storage 
capacity. 

The  BoUBey  Dam,  France. — The  failure  of  this  structure  April  27^  1895, 
with  the  loss  of  one  hundred  and  fifty  lives  and  the  destruction  of  much 
property,  lias  particularly  emphasized  the  value  of  several  features  of 
masonry  dams  which  may  be  regarded  as  essential  in  the  design  of  all 
such  works: 

1st.  That  they  he  founded  on  impermeable  bed-rock^  and  the  possi- 
bility of  upward  pressure  from  water  passing  through  fissures  he  avoided, 

2d*  That  they  shall  have  a  profile  of  such  dimensions  as  to  permit  of 
no  tension  in  the  masonry. 

3d.    That  the  masonry  shall  be  praetically  impervious  to  water. 

4th.  That  it  be  curved  in  plan  to  avoid  temperature  cracks  and  move- 
ments as  the  result  of  expansion  and  contraction  of  the  masonry. 

The  Bouscy  was  lacking  in  all  of  these  essential  features,  and  its  failure 
was  not  surprising  in  the  light  of  all  the  facts  that  have  been  published 
regarding  It. 

It  was  built  in  187S  to  1881,  near  Epina),  France,  across  the  small 
stream  of  Aviere  to  form  a  storage-reservoir  of  1,875,000,000  gallons  for 
supplying  the  summit  level  of  the  Eastern  Canal,  which  here  crosses  the 
Vosges  Mountains  in  connecting  the  rivers  Moselle  and  Saone,  this  canal 
being  a  connecting  link  in  interior  navigation  between  the  Mediterranean 
and  the  Xorth  Sea,  The  reservoir  was  fed  by  an  aqueduct  from  the 
Moselle  River.  The  reservoir  covered  an  area  of  ^47  acres.  The  general 
dimensions  of  the  dam  are  as  follows: 

Length  on  top * -.,,,,.,  1700  feet. 

Height  above  river-bed 49     ** 

Heiffht  above  foundations 72     " 

Width  on  top 13     " 

Width  36  feet  below  water-level 18    ^ 


366  RESERVOIRS  FOR  IRRIGATION,  WATER-POWER,  ETC. 

The  wall  was  vertical  on  the  water-face  from  top  to  bottom. 

The  masonry  was  founded  on  red  sandstone,  which  in  places  was 
fissured  and  quite  permeable,  with  springs  which  gave  trouble  in  construct- 
ing the  foundations.  The  foundation  was  not  excavated  to  solid,  im- 
permeable rock  under  the  entire  dam,  but  an  attempt  was  made  to  remedy 
this  deficiency  by  building  what  was  called  a  *^  guard-wall,"  6.5  feet  thick 
on  the  upper  side  of  the  dam,  extending  down  below  the  foundations 
through  the  imperfect  rock  for  the  purpose  of  cutting  oflE  leakage  under- 
neath. This  was  carried  up  to  the  river-bed  and  lapped  against  the  main 
wall.  The  dam  was  completed  in  1880,  and  the  following  year  water  was 
admitted.  When  it  had  reached  about  one-third  the  height,  33  feet  below 
the  top,  enormous  leakage,  amounting  it  is  said  to  2  cubic  feet  per  second, 
appeared  on  the  lower  side  of  the  dam,  partly  due  to  two  vertical  fissures 
or  expansion-cracks  in  the  wall.  March  14, 1884,  when  the  water  had  risen 
to  within  10.4  feet  of  the  top,  the  pressure  was  sufficient  to  bulge  the 
wall  forward  for  444  feet,  forming  a  curve  convex  down-stream,  the  ex- 
treme movement  being  from  1  to  3  feet  according  to  diflferent  authorities. 
Four  additional  fissures  then  appeared,  and  the  leakage  increased  to  about 
8,000,000  gallons  per  day.  These  cracks  opened  in  winter  and  closed  in 
summer.  The  water  was  kept  behind  the  dam  and  the  following  year 
allowed  to  rise  to  within  2  feet  of  the  top,  after  which  it  was  drawn  off, 
when  it  was  discovered  that  for  97  feet  the  dam  had  been  shoved  forward, 
separating  from  the  guard-wall,  and  numerous  cracks  were  found  on  the 
inner  face.  Extensive  repairs  were  then  undertaken.  The  joint  between 
the  main  wall  and  the  guard-wall  was  covered  with  masonry  and  sur- 
rounded by  a  bank  of  puddle,  10  feet  thick,  while  a  heavy,  inclined  buttress- 
wall  was  built  at  the  lower  toe,  deep  into  the  bed-rock,  and  toothed  into 
the  masonry  of  the  dam  to  prevent  the  tendency  to  slide  on  its  base.  This 
abutment  was  nearly  20  foot  in  height,  and  its  base  was  84.3  feet  below  the 
top  of  the  dam,  making  the  total  thickness  of  base  71.0  feet.  Notwith- 
standing all  this  work  the  dam  was  fatally  weak  at  a  j)oint  near  the  river- 
bed level,  where  the  line  of  resistance  falls  considerably  outside  the  middle 
third,  and  the  final  break  occurred  at  a  point  about  33  feet  below  the  top, 
where  the  fracture  was  almost  horizontal  longitudinally,  and  594  feet  of 
the  central  part  of  the  dam  was  overturned.  The  break  was  level  trans- 
versely for  about  12  feet  and  then  dipped  toward  the  outer  face.  The 
repairs  finished  in  1889  were  presumed  to  have  made  the  dam  vsafe,  and 
the  break  did  not  occur  for  six  years  afterwards,  during  which  time  the 
action  of  temperature-changes  is  presumed  to  have  produced  the  weak- 
ness resulting  in  the  final  catastrophe.  An  interesting  account  of  the  fail- 
ure of  the  dam  was  published  in  Engineering  News,  May  16  and  23,  1895. 
The  lesson  taught  by  it  will  be  serviceable  to  engineers  the  world  over. 

The  Monche  Dam,  France. — The  purpose  of  this  structure,  completed 
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in  1890,  is  Bimilar  to  that  of  the  Bouaey  dam— to  form  a  storage-reservoir 
for  feeding  a  navigable  canal.  It  is  located  on  the  Mouche  River,  near  the 
Tillage  of  St.  Ciergnes,  and  forms  a  reservoir  of  241.8  acres,  having  a  mean 
depth  of  29  feet  and  impounding  7010  acre-feet.  The  general  dimenBtona 
are  as  follows: 

Length  on  top , , 1346     feet. 

Maximum  height,  lowest  foundation  to  parapet.  114.5     " 

Height,  hase  to  water-line. 94.5     " 

Width  of  base. , ,  GO.T     '' 

Width  of  top. 1L6     " 

The  up-stream  face  has  ^  batter  of  1  foot  in  50,  while  the  down-stream 
batter  is  nearly  1  to  1. 

The  dam  is  straight  in  plan  and  carries  a  roadway  over  the  top,  nearly 
25  feet  wide,  supported  by  arches  resting  on  abutment-piers  that  give  the 
required  extra  width.  There  are  forty  of  these  arches,  each  with  a  span 
of  26.2  feet. 

The  masonry  was  found  experimentally  to  weigh  134.2  lbs.  per  cubic 
foot,  and  the  computations  of  the  profile  were  made  on  that  basis,  pre- 
serving the  lines  of  pressure,  reservoir  full  and  empty,  well  within  the 
center  third. 

The  excavations  for  foundation  were  required  to  be  so  deep  to  reach 
bed-rock  that  56%  of  the  masonry  is  laid  below  the  surface,  the  maximum 
depth  of  excavation  being  about  40  feet.  The  water-face  of  the  dam  was 
given  three  coats  of  hot  pitch,  and  subsequently  whitewashed. 

Settons  Bam,  France. — This  structure  was  buQt  originally  vrith  the 
view  to  improving  navigation  on  the  Yonne  River,  in  1855-58.  It  had  an 
extreme  length  of  889  feet,  a  maximum  height  uf  69  feet,  and  was  14  feet 
mde  on  the  crest.  In  1899  the  dam  was  reinforced  by  the  addition  of  a 
''guard  wair*  on  the  up-stream  face  for  its  entire  height,  the  wall  having  a 
thickness  of  17.3  feet,  with  a  number  of  vertical  wells  constructed  m  the  wall 
to  intercept  and  drain  off  the  leakage  through  the  walk 

Avlgnonet  Bam^  France. — This  dam  is  remarkable  for  the  fact  that 
it  has  been  built  to  the  height  of  75.5  feet  as  an  overfall  weir  in  the  river 
Drac,  wliich  in  flood  carries  as  much  as  35,000  sec-feet,  without  having  been 
founded  on  bedrock.  It  was  locate  in  a  narrow  gorge  whose  sides  rise 
nearly  1000  feet,  and  the  stream  being  torrential  in  character  the  canyon 
had  been  filled  to  a  great  depth  with  boulders  and  gravel,  the  excava- 
tion in  which  to  reach  l>edrock  would  ha%'e  been  exceedingly  deep. 
Therefore  the  engineers  decided  to  build  it  on  the  detritus  of  the  canyon, 
merely  sinking  two  cut-off  trenches  about  13  feet  deep,  8  feet  thick,  and 
^ving  the  dam  a  base  of  78.4  feet,  which  is  greater  than  its  height. 


3»iS  libStHVOlRS  FOR  IRRIGATION,  WATER-POWER,  ETC. 

'[  !iii  duiii  U  curved  in  plan,  on  a  radius  of  656  feet,  is  196.8  feet  lono*  on 
tiit  Lt<:.-.i,  and  is  15.6  feet  thick  on  top,  with  a  roll-way  form  on  the  down- 
hiieaiii  hlo|H:.  (See  phite  1.)  The  toe  of  the  dam  is  extended  down-stream 
if-y  iiii  upron  of  reinforced  concrete.  The  entire  dam  is  built  of  concrete, 
Will  coinpleted  in  1902,  and  is  used  for  the  development  of  power  for  the 
1  iiy  (A  (jlreiio))le,  whose  population  in  1896  was  64,000. 

The  Sioule  Dam,  France. — This  structure,  erected  in  1902-04,  across 
the  Sioule  Kiver,  is  utilized  for  water  storage  and  power,  the  power-house 
l>eiiig  h)c:ited  immediately  below  the  dam.  It  is  curved  in  plan,  with  a 
radius  of  984  feet,  iiiul  is  393.7  feet  long  on  the  crest,  has  a  maximum  height 
(if  98.4  feet,  is  79  feet  wide  at  base,  and  16.4  feet  wnde  on  top.  At  each 
I'lul  of  the  dam  uu  overflow  weir  is  provided,  extending  parallel  with 
t  l»e  valley,  and  nearly  at  right  angles  with  the  direction  of  the  dam. 

The  Miodeix  Dam,  France. — The  storage  of  water  and  the  develop- 
iiu-nl  of  power  from  the  Miodeix  river,  for  the  city  of  Auvergne,  was  the 
jMirpose  of  the  erection  of  this  dam  in  1903.  The  maximum  height  is 80 
feel,  the  crest  width  U)  feet,  and  the  base  69  feet.  The  up-stream  batter 
i.-»  9%  ami  that  of  the  down-stream  face  is  809o  with  a  vertical  curve 
m*ar  the  top,  having  a  radius  of  26.4  feet,  above  which  it  is  vertical 
furS.4  feet  to  the  t(.i). 

The  Turdine  Dam,  France.— A  reservoir  of  28,840,000  cubic  feet 
cupacity  (()<»!  acK'  feet)  was  formed  in  1902-04  for  the  water-supply  of  the 
city  of  Tarnn-  i|)(»pulal'u>n  in  1S96,  14,500)  by  the  erection  of  a  masonry  dam 
«,f  triangulai  piotiU'.  haxiii^a  height  of  82  feet,  a  base  width  of  65  feet,  and 
a  (irst  witllli  «»t  lil  iVrt.  The  dam  is  curved  in  plan,  with  a  total  length  of 
:VJ4  fet^t  «»ii  tup.  riu-  lip  stream  batter  from  the  base  up  for  15  meters  is 
h."{.'i';i,  thchci-.  tti  ilu'  top  r>'  ,,  while  on  the  down-stream  face  the  batter 
Ikiiu  l*«»uii.ljitiMii  u|>  lo  :i  hi'i^hi  of  1 1 .  12  meters  is  80^^  ^^^^^^  ^^V  ^  ^'^^^^cal 
I  (ii  \i'.  «'l  l'>  »  t«'J  i.uliii-.  lo  within  r>.  I  feet  of  the  top.  The  spillway  level 
1.  but  ■-'.  i  t« «  I  l.«l».\\  (lu-  irc.-«i  ol  ihe  dam.  This  dam  is  about  20  miles 
ii./iihwf  I  ti..iii  I  In-  «iiN  vii  l.\on,  and  about  35  miles  north  of  St.  Etienne, 

1  liii    l»M;.t  hMi    ..I    I  Lt      I   uu'li^   vLilll. 

The  Liha|iie  Dam,  Fiance.  One  of  the  high  modern  dams  of  France 
\v;i-  th:it  ricrti'tl  m  ls*>l  *>s  lor  the  water-supplv  of  the  city  of  Firminy, 
I  ji'piti  im.  i.i  ..1  ihr.  l.vMu-  ^|K.pulation  in  1891,14,500).  The  maximum 
|„iMr|ii  ;iIm.\i  Um\.-  I  imihdations  is  1(H)  feet,  the  width  at  base  S8.6  feet  and 
i.n  top  IV  lt«  t  h  r.umv.  :v  maximum  depth  of  water  of  121.4  feet.  It  is 
I  iirvrd  ni  |.l.in  .Ml  .  i;ului  of  1  IIS.2  feet,  and  is  541  feet  long  on  the  crest. 
A  pli'u.  ii.i-  ;«ii  liiit  .  (ui.d  I'ltVrt  is  <iiven  to  the  down-stream  face  by  a  series 
«,1  an-ln-.  \MiK  I'iiir  i.f  i;;  Uvl,  which  support  the  side  of  the  roadway  on 
t«.|i  ..f  tin  .l;ih.,  w  liirh  \i'A.->  l»i'en  corbelled  out  over  the  arches  to  pve  the 
tlfsiicl    Aidili  <•!  i«»:i(l\\;iy  and  sidewalks.     The  arches  rest  on  pilasters  4 
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feet  wide.  The  arches  have  a  total  height  of  33  feet,  Th*-  up-stream  face 
of  the  dam  is  vertical  for  99  feet  from  the  top  down,  whii*^  the  lower  face 
batters  about  T6%-  The  spillway  of  the  dam  at  one  side  h  101,7  feet  long* 
The  dam  was  designed  and  built  by  M,  G*  Reus^^,  Ing^nieuer  des  Fonts  ct 
Chauss^^es.  The  reservoir  for  so  high  a  dam  is  comparatively  small  in 
capacity,  containing  but  33,535,000  cubic  feet,  or  770  acre-feet.  The  dam 
is  but  a  few  miles  west  of  the  Furens  dam. 

The  Ondenon  Dam,  France. — Quite  similar  in  design  to  the  Echapre 
and  Cotatay  dams  is  the  structure  erected  in  1900-04  by  the  same  eixgineer, 
to  store  water  for  the  supply  of  the  town  of  La  Ricamarie.  It  h  123  feet 
in  height,  carrying  a  maximum  depth  of  107  feet  of  water.  It  is  also  cur  veil 
in  plan,  with  a  radius  of  9S4  feet,  is  420  feet  long  and  15*4  feet  -mde  on  top, 
with  a  base  width  of  94  feet.  It  also  carries  a  roadway  on  top,  supportetl 
by  eorl>ellng  out  the  normal  width  on  10  foot  arches  resting  on  pilasters. 
The  reservoir  capacity  is  extremely  small,  being  but  14J20,0(X)  cubic  feet 
(324  acre-feet)  and  is  indicative  of  the  scarcity  of  good  reservoir  sites  in 
that  region. 

The  Cher  Dam,  France. — One  of  the  highest  of  the  modem  French  dams 
is  now  under  construction  to  create  a  storage  reservoir  for  the  supply  of  the 
City  of  Montlucon,  in  Central  France  (population  in  1S06,  31,600)  and  for 
power  development,  the  capacity  being  about  20,000  acre-feet.  The 
height  wiU  reach  168  feet;  crest  i^idth  15.4  feet;  base  thickness  141  feet. 
It  is  to  be  curved  in  plan,  with  a  radius  of  056  feet.  The  Cher  River,  on 
which  the  dam  is  located,  is  one  of  the  tributaries  of  the  Loire. 

Dams  in  Italy. 

The  Lagolungo  Dam>  Italy*— This  structure  was  built  in  1883  to  a 
height  of  131  feet,  and  20  years  later,  in  1903,  it  was  decided  to  increase  its 
height  by  ten  feet.  The  dam  is  immediately  above  the  Gorzente  diini, 
near  Genoa,  and  creates  a  reserv^oir  for  the  supply  of  that  city,  with  a 
capacity  of  130,000,000  cubic  feet,  or  2950  acre-feet.  As  originally 
constructed  it  w^as  given  a  thickness  of  140  feet  at  the  base,  16.4  feet  nt 
the  crest^  with  a  parapet  8.4  feet  higher  than  the  top  of  thedanu  The 
addition  to  the  height  was  made  by  replacing  the  old  parapet  by  a  new 
one,  14  feet  high,  16  feet  wide  at  the  base,  8.2  feet  wide  on  top — in 
other  words,  the  dam  was  simply  added  to  on  the  top  from  the  original 
crest  width  of  16.4  feet  to  the  new  width  of  8.2  feet,  while  the  spillway, 
which  was  72  feet  long,  was  built  up  10  feet  higher  with  masonry*  A 
second  spillway,  59  feet  long,  was  added.  Both  weirs  have  flash  boards 
on  their  crest  to  give  additional  resei-v^oir  capacity,  which  now  amounts 
to  156,700,000  cubic  feet  (3600  acre^feet)  with  possible  increase  of  5,5% 
by  the  dashboards. 
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The  dam  is  provided  with  cast-iron  outlet  pipes  at  four  different  levels, 
by  means  of  which  the  water  may  either  be  turned  into  the  aqueduct  lead- 
ing to  the  city  or  into  the  next  reservoir  below,  formed  by  the  Gorzente  dam. 

The  Oorzente  Sam,  Italy. — ^The  city  of  Genoa  derives  a  water-supplj 
from  a  reservoir  formed  by  a  masonry  dam,  built  in  1882,  on  the  Gorzente 
Eiver.  The  reservoir  capacity  is  748,800,000  gallons  (2298  acre-feet), 
covering  64  acres.  The  dam  has  a  maximum  height  of  121.4  feet,  and  is 
492  feet  long  on  top,  23  feet  thick  at  top,  99.6  feet  thick  at  base.  The 
masonry  is  a  rubble  composed  of  serpentine  rock  and  mortar  of  Casale  lime 
•and  serpentine  sand. 

Caf^ari  Dam,  Italy. — This  structure  is  located  on  the  island  of  Sar- 
dinia, 13  miles  from  the  city  of  Cagliari,  on  the  Corrungius  River.  It  was 
built  in  1866,  and  is  70.5  feet  high,  52.5  feet  thick  at  base,  16.4  feet  at 
top,  and  344.5  feet  long  on  top.  It  is  built  of  rubble  masonry  composed 
of  granite  and  a  hydraulic  lime  mortar,  mixed  with  clean,  well-washed, 
{[ranitic  sand. 

French  Dams  in  Algeria. 

The  Habra  Dam,  Algiers. — ^The  French  Government  has  built,  or  en- 
couraged the  construction  by  private  parties  of,  a  number  of  notable  stor- 
age-reservoirs for  irrigation  in  Algiers,  of  which  the  largest  was  that 
formed  on  the  Habra  River,  by  a  masonry  dam,  whose  disastrous  failure 
has  made  it  well  known  among  the  engineering  profession,  and  added  to 
the  many  lessons  which  such  failures  carry  with  them.  The  dam  was 
begun  in  November,  1865,  completed  in  May,  1873,  and  after  eight  years 
of  service  was  ruptured  in  December,  1881,  causing  the  loss  of  209  lives 
■and  the  destruction  of  several  villages. 

The  main  dam  was  straight  in  plan  and  1066  feet  long  on  top,  flanked 
by  an  overflow  wall,  410  feet  long,  making  an  angle  of  35°  with  the  direc- 
tion of  the  dam,  the  top  of  which  was  5.2  feet  below  the  crest  of  the  dam 
proper. 

The  maximum  height  of  the  dam  was  117  feet  from  foundation  to  the 
water-line,  above  which  a  parapet  extended  8  feet  higher.  The  dam  was 
14  feet  thick  at  top,  88.4  at  base,  battered  on  both  sides  and  of  ample 
dimensions  to  withstand  the  water-pressure,  provided  the  masonry  had 
been  properly  constructed  and  of  first-class  material.  When  completed  and 
first  filled  the  dam  leaked  like  a  gigantic  filter,  but  the  leakage  practically 
•ceased  in  course  of  time. 

The  reservoir  formed  by  the  dam  had  a  capacity  of  thirty  million  cubic 
meters,  or  24,330  acre-feet.  The  watershed  of  the  Habra  River  is  very 
-extensive,  covering  3859  square  miles  above  the  dam,  from  which  the 
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annual  discharge,  however,  was  only  about  3 J  times  the  capacity  of  the 
reservoir,  owing  to  the  slight  rainfall  of  that  region.  The  summer  flow 
was  about  18  second -feet,  and  the  nonnal  winter  flow  was  about  100  second- 
feet,  while  extreme  floods  reached  35,000  second-feet  in  volume.  The 
flood  which  caused  the  rupture  of  the  dam  came  from  a  rainfaU  of  6^ 
inches  in  one  short  storm,  during  which  the  run -off  in  one  night  was 
computed  at  3,500,000,000  cubic  feet,  or  more  than  three  times  the  reser- 
Toir  capacity.  This  resulted  in  a  general  averflow  of  the  crest  of  the  wall, 
as  the  spillway  was  of  insufficient  capacity,  and  produced  such  excessive 
pressure  upon  the  outer  face  of  the  masonry  as  to  exceed  its  normal 
strength.    Over  300  feet  of  the  wall  was  torn  out  to  the  very  foundation. 

In  a  paper  on  the  subject  written  the  following  jear  by  the  eminent 
Italian  engineer,  G.  Cmgnok,  he  attributes  the  failure  to  inferiority  in  the 
quality  of  the  masonry.  The  sand  was  not  of  good  quality,  and  in  the  cen- 
ter of  the  dam  a  red  earth,  containing  22  to  24  per  cent  of  clay,  was  used 
instead  of  sand.  Furthermore,  the  mortar  was  made  of  hydraulic  lime 
hurned  from  calcareona  rock  found  on  the  banks  of  the  river,  which,  though 
hydraulic,  was  not  very  good.  The  inference  drawn  by  M.  Crugnola  is  that 
the  hydraulic  lime  contained  a  quantity  of  quicklime,  which  expanded  in 
time,  causing  porosity  if  not  actual  cavities  in  the  interior  of  the  masonry. 
The  stone,  as  well  as  the  mortar,  was  extremely  porous,  consisting  chiefly 
of  calcareous  Tertiary  grit,  which  was  of  variahle  hardness,  some  having  a 
decided  schistose  structure. 

One  must  conclude  from  all  the  facts  that  had  the  spillway  been  suf- 
ficient in  capacity  to  avoid  the  submersion  of  the  dam,  and  had  the  face 
of  the  wall  been  made  absolutely  water-tight  by  such  precautionary  meas- 
ures as  were  employed  on  the  Remscheid  dam,  the  failure  would  not  have 
occurred.  The  curvature  of  a  wall  of  the  great  length  of  the  Habra  would 
doubtless  have  avoided  temperature  cracks,  which,  as  has  been  pointed 
out  by  Prof,  Forchheimer  (page  122),  may  have  been  a  leading  source  of 
weakness.  The  failure  occurred  during  the  coldest  weather,  when  such 
cracks  appear  in  masonry  walls. 

The  Eamiz  Dam,  Algiers, — Next  in  importance  to  the  Habra  dam,  and 
jsomewhat  higher,  is  the  Hamiz  dam,  erected  in  1885  on  the  Hamiz  Riven 
This  wall  is  also  straight  in  plan,  but  only  532  feet  in  length  on  top,  131 
feet  long  at  base.  The  extreme  height  above  foundation  is  134.5  feet,  and 
above  river*bed  91.2  feet,  and  at  top  16.4  feet.  Both  faces  are  curved  in 
outline. 

The  dam  impounds  10,500  acre-feet  of  water,  gathered  from  a  shed  of 
54  square  miles. 

The  Oraii  Chcnrfas  Dam,  Algifin.^Thig  structure  is  quite  similar  in 
dimensions  to  the  Haniiss  dam,  and  was  built  in  1882-84,  on  the  Mekerra 
River,  9  miles  from  St.  Dionigi.    Its  foundation  extends  32.8  feet  below  tlie 
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river-bed,  and  has  a  thickness  of  134.5  feet  at  base  and  78.7  feet  at  top. 
On  this  foundation  the  dam  proper  rests,  with  an  offset  of  3J  feet  on  each 
aide,  making  its  thickness  at  bottom  72  feet,  while  at  top  the  wall  is  13  feet 
thick.  Both  faces  are  curved  in  parabolic  form,  presenting  a  graceful 
profile.  The  maximum  pressures  on  the  masonry  are  6.1  tons  per  square 
foot. 

The  dam  failed  in  part  when  first  filled,  and  a  breach  of  130  feet  was 
made  in  the  wall,  but  it  was  immediately  repaired.  The  failure  occurred  in 
winter.    The  dam  is  straight  in  plan. 

The  reservoir  capacity  behind  the  dam  is  about  13,000  acre-feet. 

The  Tlelat  Dam,  Algiers. — This  masonry  wall  is  69  feet  high,  325  feet 
long,  40  feet  thick  at  bottom,  13  feet  thick  at  top,  and  impounds  445  acre- 
feet,  derived  from  a  water-shed  of  51  square' miles.  The  dam  was  erected 
in  1869  on  the  Tlelat  River  to  supply  the  town  of  Sante  Barbe,  7^  miles 
below,  and  also  for  irrigation.  The  wall  is  vertical  on  the  water-face,  while 
the  lower  side  has  a  vertical  curve,  the  center  of  radius  being  11.8  feet 
above  the  top  of  the  dam. 

The  Djidionia  Dam,  Algiers,  is  83.7  feet  in  extreme  height,  of  which 
28  feet  is  foundation  below  the  river-bed  level.  The  face  is  vertical,  and 
the  dam  is  straight  in  plan.  The  foundation  is  broader  on  top  than  the 
bottom  of  the  dam,  and  will  permit  of  an  increased  height  in  the  structure 
by  adding  to  the  lower  side  from  the  foundation  up.  This  has  been  de- 
cided upon,  and  26  feet  additional  in  height  will  be  built.  The  reservoir 
will  then  have  a  capacity  of  about  4000  acre-feet.  The  dam  was  built  in 
1873-76,  on  the  Djidionia  River,  to  supply  the  towns  of  St.  Aime  and 
Amadema  with  water.  The  masonry  of  this  dam  is  slightly  in  tension  on 
the  water-face  when  the  reservoir  is  filled,  amounting  to  about  15  lbs.  per 
square  inch,  but  no  injurious  effect  upon  the  masonry  is  apparent  from 
this  small  tensile  strain. 

Dams  in  India. 

The  Tansa  Dam,  India.* — This  great  dam,  forming  a  reservoir  for  the 
supply  of  Bombay,  was  begun  in  1886,  and  compk*ted  in  April,  1891.  The 
work  was  done  by  contract  and  cost  $988,000.  It  is  straight  in  plan,  the 
alignment  consisting  of  two  tangents,  and  it  has  a  total  length  of  8800 
feet,  the  maximum  height  being  118  feet.  For  a  length  of  1650  feet  the 
dam  is  depressed  3  feet,  to  serve  as  a  waste-weir.  The  thickness  of  the 
masonry  at  the  base  is  96.5  feet,  and  the  entire  section  is  made  of  sufificient 

♦  See  Proceeding  Institution  of  Civil  Engineers,  vol.  cxv.  Paper  by  W.  J.  C. 
Clerke.  M.I.C.E..  on  "Tbe  Tansa  Works  for  the  Water-supply  of  Bombay";  also. 
••  Trrijration  in  India,"  by  Herbert  M.  Wilson.  12tb  Annual  Report  U.  S.  Geological 
Survey. 
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dimengjons  for  an  ultimate  height  of  135  fcet^  to  which  it  may  be  raised 
in  future,  when  its  length  will  be  ^350  feet  on  top. 

The  dam  was  built  with  native  labor,  and  consists  of  nncoursed  rubble 
masonry  throughout^  all  the  stones  being  small  enough  to  be  carried  by 
two  men.  The  stone  is  a  hard  trap-rock,  quarried  on  the  spot.  The 
cement  was  burned  at  the  site  of  the  dam  from  nodules  of  hydraulic  lime- 
stone, called  kunkur,  which  are  found  throughout  India,  and  occur  in  clay 
deposits,  although  in  this  ease  it  had  to  be  brought  long  distances  by  rail 
and  carts*  Most  Indian  masonry  is  made  with  kunkur  hydraulic  lime. 
The  nodules  require  to  be  exposed  to  the  sun^  dried  and  washed  before 
being  burned.  They  are  usually  of  one  or  two  pounds  weight,  although 
sometimes  found  in  blocks  of  100  lbs.  or  more. 

From  9000  to  12,000  men  were  employed  on  this  dam  during  the  work- 
ing season  of  each  year^  from  May  to  October,  but  during  the  monsoons  all 
work  was  suspended. 

The  volume  of  masonry  m  the  work  is  408,520  cubic  yards.  It  la 
reported  to  be  entirely  water-tight.  The  excavation  was  carried  to  a 
considerable  depth  in  places^  and  necessitated  the  removal  of  251,12?  cubic 
yards  for  the  foundations. 

The  reservoir  covers  an  area  of  5120  acres  and  impounds  62,670  acre- 
feet  above  the  level  of  the  outlets,  which  arc  placed  25  feet  below  the  crest 
of  the  spillway,  or  S9  feet  above  the  river-hed.  The  loss  by  evaporation 
reduces  the  available  supply  to  15,870  acre-feet,  although  of  course  many 
times  this  quantity  could  he  drawn  from  the  lake  if  the  outlets  were  near 
the  bottom.  The  watershed  area  iB  53.5  square  miles,  on  which  the  precipi- 
tation 18  from  150  to  200  inches  annually,  and  the  estimated  annual  run- 
off is  267,000  acre-feet. 

The  dam  was  planned  and  built  by  W.  J.  C.  Clerke,  Chief  Engineer, 

The  Poena  or  Lake  Fife  Dam,  India.* — This  was  one  of  the  0rst 
masonry  dams  built  in  India  by  the  British  Government  for  irrigation 
storage,  and  was  begun  in  1868.  It  is  made  of  uncoursed  rubble  masonry, 
founded  on  solid  bed-rock,  and  is  straight  in  plan,  having  a  top  length  of 
513()  feet  {nearly  a  mile),  of  which  1453  feet  is  utilized  as  a  wasteway. 
Its  maximum  height  above  foundation  is  108  feet,  and  above  the  river-level 
98  feet 

The  design  of  the  dam  is  extremely  amateurish.  The  up-stream  batter 
is  1  in  20,  and  the  down-stream  slope  1  in  2,  unchanged  from  top  to  bottom, 
the  top  width  being  14  feet,  and  the  base  61  feet.  The  alignment  of  the 
dam  is  in  several  tangents  with  different  top  width  for  each,  according  to 
its  height,  the  points  of  Junction  being  backed  up  by  heavy  buttresses  of 


•  ♦'Tirigmtlon  In  India,"  bj  H.  M.  Wilflon,  \n  12th  Aunnat  Heport  U,  9.  Geolo^iral 
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masonry.  When  completed  the  dam  showed  signs  of  weakness  and  was 
strengthened  by  an  embankment  of  earthy  60  feet  wide  on  top,  30  feet 
high,  piled  up  against  the  lower  side. 

The  water  is  drawn  from  the  reservoir  59  feet  above  the  river-bed, 
and  there  is  therefore  available  but  29  feet  of  the  total  depth  of  the  reser- 
voir. The  amount  available  above  this  level  is  75,500  acre-feet.  The  lake 
is  14  miles  long  and  covers  an  area  of  3681  acres. 

The  dam  is  located  10  miles  west  of  the  town  of  Poona,  on  the  Mutha 
Biver.  Its  cost  was  $630,000,  and  it  contains  360,000  cubic  yards  of 
masonry. 

The  canal  on  the  right  bank  is  23  feet  wide,  8  feet  deep,  and  99.5 
miles  long,  drawing  412  second-feet  from  the  reservoir  and  distributing 
it  over  147,000  acres  of  land  to  be  irrigated.  At  the  town  of  Poona  a 
drop  of  2.8  feet  is  utilized  for  power  by  an  undershot  wheel,  to  pump 
water  to  supply  the  town.  The  left-bank  canal  is  14.5  miles  long  and 
carries  38  second-feet.  The  sluices  from  the  reservoir  are  each  2  feet 
square,  closed  by  iron  gates  operated  by  capstan  and  screw  from  the  top 
of  the  dam.  Ten  of  these  supply  the  larger  canal,  and  three  discharge 
into  the  smaller  one.  Eight  additional  circular  sluices,  30  inches  in 
diameter,  supply  water  to  natives  for  mill-power  and  discharge  into  the 
larger  canal. 

The  Bhatgur  Dam,  India.*-* There  are  no  masonry  structures  in  the 
United  States  or  Europe  which  surpass  in  size  those  of  India  which  have 
been  constructed  for  irrigation  purposes  by  the  British  Government,  in 
the  attempt  to  render  the  great  population  of  that  country  self-supporting 
and  check  the  frightful  famines  by  which  it  has  been  periodically  devas- 
tated. 

The  Bhatgur  dam,  constructed  on  the  Yelwand  River,  about  40  miles 
south  of  Poona,  is  one  of  the  most  notable  of  these  great  structures.  Its 
length  on  top  is  40G7  feet,  its  extreme  height  above  foundations  is  127 
feet,  and  it  forms  a  reservoir  15  miles  in  length,  having  a  capacity  of 
126,500  acre-feet.  The  extreme  bottom  width  of  the  dam  is  74  feet,  and 
the  crest  is  12  feet  wide,  forming  a  roadway.  The  alignment  of  the  dam 
curves  in  an  irregular  way  across  the  valley,  so  as  to  follow  the  outcrop  of 
bed-rock  on  which  it  is  founded.  The  section  of  the  dam  was  designed 
after  a  formula  similar  to  that  deduced  by  M.  Bouvier,  and  all  the  calcula- 
tions were  worked  out  by  Mr.  A.  Hill,  M.I.C.E.,  who  was  afterwards 
assistant  on  the  construction  of  the  Tansa  dam.  The  curve  adopted  for 
the  lower  face  was  a  catenary,  but  the  wall  was  actually  built  in  a  series 
of  batters. 


♦  "Irrigation  in  India,"  by  H.  M.  Wilson,  in  12th  Annual  Report,  U.  S.  Geological 
Survey. 
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The  three  primary  conditions  of  the  design  were: 

let.  The  intensity  of  the  vertical  pressure  was  nowhere  to  exceed  120 
lbs.  per  square  inch  {8,*>4  tons  per  Bquare  foot); 

2d.  The  resultant  pressures  were  to  fall  within  the  middle  third  of  th& 
section;   and 

3d.  The  average  weight  of  the  masonry  wags  aseuined  at  160  lbs.  per 
cubic  foot.  The  use  of  concrete  was  only  permitted  where  the  pressure 
was  ealeulated  not  to  exceed  60  lbs.  per  square  inch,  which  gave  a  factor 
of  safety  of  between  6  and  7, 

The  dam  was  designed  and  built  by  J.  E.  Whiting,  M.LC.E. 

Waste-weirs  at  each  end  of  the  dam  ha?e  a  total  length  of  810  feet^ 
tnd  can  carry  8  feet  depth  of  water.  The  roadway  is  carried  over  these 
weirs  on  a  series  of  10-foot  arches.  Additional  flood-discharge  is  given- 
by  twenty  under-shnees,  4x8  feet  ia  size  (of  which  fifteen  are  located  60 
feet  below  the  crest),  having  a  total  capacity  of  20,000  second-feet.  These 
sluices  are  lined  with  cut  stone,  and  closed  by  iron  gates,  operated  from 
the  top  of  the  dam.  The  overflow  wasteway  is  closed  by  a  novel  series  of 
automatic  gatcp  that  open  in  flood  and  rise  up  into  position  as  the  flood 
recedes,  permitting  the  full  storage  of  the  additional  8  feet  depth  to  be 
utilized.  The  gates  are  nicely  balanced  by  counterweights  that  occupy 
pockets  in  the  masonry.  As  the  water  rises  to  the  top  of  the  gate  it  fills 
these  pocketSj  reducing  the  weight  of  the  counterpoises,  and  the  gate,  being^ 
then  heavier,  will  descend  below  the  crest  of  the  weir.  When  the  level  of 
the  flood  is  redneed  so  that  it  no  longer  enters  the  pockets,  the  latter  are 
emptied  by  small  holes  in  the  bottom,  and  the  counterpoises  overcome  the 
weight  of  the  gates,  lifting  them  into  place  again. 

The  reservoir  is  used  to  supply  the  Nira  Canal,  which  heads  1!)  miles- 
below.  This  canal  is  120  miles  long,  83  feet  wide,  7.5  feet  deep,  and  carries 
470  second- feetj  supplying  300  square  miles  of  land.  The  water  is  diverted 
to  it  by  a  masonry  diverting-dam,  known  as  the  Vir  weir,  which  is  of  itself 
an  important  structure,  being  2340  feet  long,  43.5  feet  high,  constructed 
of  concrete  faced  with  rubble  masonry.  Its  top  width  is  9  feet  Maximum 
floods  of  158,000  second-feet  pass  over  its  crest  to  a  depth  of  8  feet,  comings 
from  a  watershed  of  700  square  miles.  A  secondary  dam,  forming  a  water* 
cushion,  is  located  2800  feet  down-stream.  This  is  615  feet  long,  24  feet 
high,  built  of  masonry  founded  on  bed-rock,  and  carries  a  roadway  over 
its  crest.  During  maximum  floods  the  water  is  32  feet  deep  in  the  cushion^ 
when  the  water  is  8  feet  deep  over  the  main  dam. 

The  works  were  finished  in  1890-91. 

Tlic  Betva  Dam,  India.  *'*-This  masonry  structure  forms  a  diversion* 
weir  for  turning  the  water  of  the  Betwa  Kiver  into  a  large  irrigation-canal,. 
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times.    The  drainage-area  above  the  dam  is  300  square  miles,  on  which 
the  rainfall  is  from  69  to  200  inches,  averaging  12-5  inches  per  annnm. 

The  river  is  one  that  is  subject  to  violent  and  sudden  floods,  in  an 
uninhabited  tract  of  country,  far  even  from  a  village,  some  Sh  miles  from 
the  nearest  railway,  where  there  wore  no  roads  or  even  paths,  in  the 
midst  of  a  range  of  hills  covered  with  dense  forests  and  jungles  tenanted 
by  wild  beasts,  where  malaria  of  a  malignant  type  is  prevalent,  where  the 
commonest  necessaries  of  life  were  unobtainable,  and  where  the  incessant 
rain  for  half  the  year  prevented  the  importation  of  labor  and  rendered 
all  work  in  the  river-channel  impossible  for  six  months  out  of  every 
twelve.  During  the  first  two  years  of  construction  watchmen  with  drums 
and  blazing  fires  had  to  guard  every  camp  at  night  against  the  curiosity 
of  wild  elephants  that  constantly  visited  the  works,  uprooting  milestoneSj 
treading  down  embankments,  breaking  up  fresh  masonry,  playing  with 
cement-barrels,  chewing  bags  of  cement  and  blacksmith's  bellows,  kneeling 
on  iron  buckets,  and  doing  everything  that  mischief  could  suggest  and 
power  perform. 

The  limestone  for  making  the  hydraulic  lime  was  brought  a  distance 
of  16  miles,  surTiiounting  an  elevation  of  1,300  feet  by  an  endless  wire 
rope,  3  miles  long,  to  which  the  stone  was  brought  by  wagon-road.  From 
the  lower  end  of  the  ropeway  the  stnne  was  carried  on  a  short  tramway  to 
canal-boats  plying  on  the  river  as  far  down  as  the  dam,  the  stream  having 
been  made  navigable  for  this  purpose, 

Tlie  sflud  used  was  dredpred  from  the  river-bed. 

This  brief  summary  of  the  unusual  conditions  under  which  the  dam 
was  built,  gleaned  from  a  paTier  written  by  Mr,  A,  T.  Mackenzie, 
A.M.T.C.R,  gives  a  general  idea  of  the  extraordinary  difficulties  which  had 
to  be  overcome  in  constructing  this  great  work,  which  is  certainly  one  of 
the  most  notable  of  the  many  monuments  to  English  engineering  ia 
India, 

The  total  cost  of  all  the  worka  connected  with  the  project  amounted 
to  about  $3,230,000.  The  estimated  net  revenues  were  $260,000  annu* 
ally. 

The  dam  was  designed  and  constructed  by  Col*  Pennycuick,  Chief 
Engineer,  It  is  so  designed  (by  IL  Bouvier's  formula^)  that  the  greatest 
pressure  on  front  and  back  shall  not  exceed  9  tons  per  square  foot,  and 
the  lines  of  pressure  are  kept  within  the  middle  third,  IMost  modern  dama 
of  any  magnitude  have  been  built  of  uncoursed  rubble  masonry.  Col, 
Pennycuick  justifies  the  use  of  concrete  in  the  Periyar  dam  in  the  follow- 
ing  language,  as  quoted  by  Mr,  Wilson:  "  Concrete  is  nothing  more  than 
uncoursed  rubble  masonry  reduced  to  its  simplest  form,  and  as  regards 
resistance  to  crushing  or  to  percolation  the  value  of  the  two  materials  is 
identical,  unless  it  be  considered  as  a  point  in  favor  o£  concrete  that  it 
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must  be  solid,  while  rubble  may,  if  the  supervision  be  defective,  contain 
void  spaces  not  filled  with  mortar.  The  selection  depends  entirely  upon, 
their  relative  cost,  the  quantities  of  materials  in  both  being  practically 
identical." 

In  this  opinion  of  the  value  of  concrete  he  is  less  conservative  than 
the  engineers  of  the  Tansa  dam,  who  limited  the  use  of  concrete  to  the 
tipper  portion  of  the  dam,  where  the  limit  of  pressure  did  not  exceed  60 
lbs.  per  square  inch. 

While  the  full  reservoir  capacity  is  305,300  acre-feet,  the  level  of  the 
outlet-tunnel  is  such  that  but  156,400  acre-feet  can  be  utilized,  although 
this  may  be  supplied  several  times  annually. 

Meer  Allum  Dam,  India. — Sometime  prior  to  the  year  1800,  an  ex- 
traordinary dam  was  built  to  form  a  reservoir  for  the  supply  of  the  city  of 


S«citon   A-B  Section    C-0> 

Fig.  261. — Meer  Allum  Lake  Dam,  Hyderabad,  Indli. 


Hyderabad,  in  the  form  of  a  large  arch,  about  half  a  mile  in  length,  com- 
posed of  21  smaller  arches,  of  semi-circular  form,  resembling  scallops, 
with  massive  buttresses  or  piers  between  them.  Fig.  261  shows  the  longest, 
of  the  arches. 
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The  spans  between  piers  are  of  varying  length,  from  70  to  147  feet  in 
the  clear.  The  masonry  of  the  arches,  which  is  vertical  on  both  faces,  is 
8-5  feet  in  thickness,  and  they  transmit  the  pressure  to  the  piers,  which  are 
24  feet  in  thickness. 

The  reservoir  formed  by  the  dam  k  known  as  the  Meer  AUum  lake, 
having  an  area  of  900  acres,  a  maximum  depth  of  50  feet,  and  a  capacity  of 
355,500,000  cubic  feet  (816S  acre-feet). 

A  spillway  is  provided  at  one  end,  but  the  water  at  times  flows  a  few 
inches  deep  over  the  entire  crest  of  the  dam.* 

Dams  in  Australia, 

^7  Burraga  Dam,  N.  S.  W,^One  of  the  slenderest  concrete  dams  con- 
Btructed  in  recent  years  in  Australia,  where  several  structures  of  extremely 
light  type  have  been  erected,  was  that  built  for  the  supply  of  the  Lloyd 
Copper  Company's  mine,  on  Thompson  *g  creek,  New  South  Wales,  forming 
a  reservoir  of  31  acres  area,  with  a  capacity  of  13,500,000  cubic  feet  (310 
acre- feet).  The  greatest  height  of  the  dam  is  41  feet,  the  width  at  the  crest 
being  but  2  feet,  and  at  the  base  25.3  feet.  Its  length  on  top  is  425,6 
feet,  of  which  140  feet  is  used  as  an  overflow  waste- weir. 

The  work  is  described  by  John  Hay  den  Cardew,  Assoc.  M.  Inst,  C,  K, 
in  a  paper  published  June,  1903,  in  the  Minutes  of  Proceedings  of  the  In- 
stitute of  Civil  Engineers,  from  which  the  following  quotation  is  taken: 

"Although  the  greatest  care  was  ohserv^ed  in  the  mixing  of  the  concrete 
to  secure  a  water-tight  wall,  it  w^as  recognized  that  the  coarseness  of  the 
same  would  greatly  militate  against  success  in  spite  of  the  inner  face  of 
richer  concrete,  and  it  was  found  as  the  dam  progressed  and  the  water 
rose  in  the  reservoir  that  a  considerable  leakage  occurred,  which  appeared 
on  the  down-stream  face  of  the  dam  like  water  coming  from  a  very  fine 
rose.  To  render  the  inner  face  with  cement  mortar  made  from  such 
coarse  sand  would  not  improve  matters;  it  was  therefore  deciiled  to  paint 
the  inner  face  with  neat  cement  mixed  to  a  slurry,  applied  with  stiff 
brushes,  and  well  rubbed  into  the  pores  in  three  successive  coatj^;this 
proveil  most  effective,  for  when  the  wat^r  rose  again  in  the  reservoir  the 
wall  was  found  to  be  perfectly  water-tight. 

**The  expansion  and  contraction  in  concrete  dams  when  the  reservoir 
Is  low  is  very  greatj  and  when  the  reservoir  is  full  it  is  very  unequal  in 
different  parts  of  the  cross-section;  this  is  especially  the  case  in  some  parta 
of  Austraha^  where  hot  days  and  cold  nights  are  of  frequent  occurrence, 
giving  a  range  of  temperature  of  about  00"^  F.,  and  on  that  account  many 
of  the  concrete  dams  in  this  country  are  badly  cracked-     In  order  to 

*  Enginetrtng  Record,  J&nu&ry  10,  1903, 


880  RESERVOIRS  FOR  IRRIGATION,  WATER-POWER,  ETC. 

obviate  this  tendency  to  some  extent,  and  to  assist  in  closing  the  craclcs 
as  the  reservoir  filled,  the  curved  form  was  adopted. 

'  *  It  has  been  observed  that  the  curved  form  does  not  render  the  struc- 
ture altogether  immune  from  cracking,  and  the  cracks  occur  generally 
at  about  one-third  of  the  length  of  the  dam  from  the  wings,  commencing 
at  the  crest,  first  as  a  very  fine  crack  and  afterwards  opening  out 
and  extending  down  the  wall  a  distance  of  one-third  to  one-half  of  its 
height,  and  opening  and  closing  as  the  reservoir  empties  or  fills.  It  was 
thought  that  the  introduction  of  an  iron  tie-bar  in  the  crest  of  the  dam 
to  take  the  tensile  stress  due  to  contraction,  would  completely  preserve 
the  work  from  cracking.  It  has  been  proved  in  other  works  that  the 
temperature  in  the  heart  of  the  dam,  say  3  feet  from  the  surface,  is  con- 
stant, from  which  it  may  be  argued  that  in  order  to  ensure  safety  from 
cracking  it  is  only  necessary  to  protect  from  tensile  stress  the  upper  or 
thinner  part  of  the  dam  where  the  cracks  invariably  originate." 

As  a  result  of  this  reasoning  three  lines  of  7()-pound  **  T  '*  rails  were 
laid  six  inches  below  the  level  of  the  weir  overflow,  jointed  with  fish-platcB 
and  eml>edded  in  the  concrete.  The  cost  of  the  dam  was  £9566  ($44,500). 
The  inner  face  for  a  thickness  of  18  inches  consisted  of  1  of  cement,  2.5  of 
sand  and  3.5  of  crushed  stone  to  pass  through  a  ring  of  i  inch  diameter, 
and  the  outer  face  for  a  thickness  of  6  inches  was  made  of  concrete  composed 
of  1  of  cement,  3  of  sand  and  5  of  crushed  stone,  passing  a  ring  of  IJ  inch 
diameter.  The  heart  of  the  dam  was  built  of  blocks  of  stone,  set  in  concretei 
making  what  is  locally  known  as  **plum  concrete,"  each  stone  having  6 
inches  of  concrete  all  around,  and  no  stone  being  laid  nearer  than  18  inches 
to  the  inner  face,  nor6  inches  to  the  outer  face,  nor  2  feet  to  the  foundations. 
The  stones  were  not  larger  than  16  cubic  feet  nor  smaller  than  2.5  cubic 
feet,  roughly  squared  and  placed  with  their  longest  dimensions  normal  to 
the  axis  of  the  dam.     The  proportion  of  *  Opiums"  was  33%  of  the  whole. 

Barossa  Dam,  South  Australia. — One  of  the  most  remarkable  of  the 
recently  constructed  dams  in  Australia  is  that  completed  in  February, 
1003,  by  the  South  Australian  Government  at  Barossa,  for  the  domestic 
supply  of  the  town  of  Gawler  and  surrounding  farming  district,  including 
a  small  amount  of  irrigation,  the  total  annual  supply  available  being  about 
1,000,000,000  imperial  gallons,  or  3675  acre-feet.  The  dam  is  built  entirely 
of  concrete,  as  an  arch,  curved  up-stream  with  a  radius  of  200  feet  on  the 
up-stream  face  (Fig.  262),  the  total  length  of  the  crest  being  472  feet,  the 
chord  subtending  the  segment  of  a  circle  being  370  feet  and  the  versed 
sine  about  133  feet.  The  dam  has  a  thickness  at  top  of  but  4.5  feet,  and  a 
maximum  thickness  at  base  of  45  feet,  the  extreme  height  being  113  feet, 
or  95  feet  above  the  stream  bed.  The  up-stream  face  is  vertical,  while  the 
down-stream  face  has  a  batter  of  37. 14%  from  a  point  27.34  feet  below  the 
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top  to  the  base.  It  contains  17,975  cubic  yards  of  rubble  concrete,  of  which 
2215  yards,  or  12.3%,  are  large  stones  or  "  plums."  The  average  cost  of  the 
concrete  was  $9.30  per  cubic  yard,  and  the  total  cost  £169,947  ($827,000). 
It  was  estimated  that  a  saving  of  $217,000  was  effected  by  the  substitution 
of  an  arched  concrete  dam  for  a  structure  of  gravity  type  as  originally 
proposied. 

The  dam  is  built  in  a  subsidiary  basin  of  3675  acre-feet  capacity, 
supplied  by  a  timnel  7400  feet  long  from  the  Para  River.  By  this  arrange- 
ment only  clear  water  is  taken  into  the  river  after  the  muddy  floods  have 


The  main  outlet  pipe  is  22  to  18  inches  diameter,  7  miles  long  to  the 


Fig.  2G3  — Barossa  Dam. 


town  of  Gawler,  and  is  constructed  of  steel  by  the  locking  bar  principle  first 
used  on  the  famous  Coolgardie  pipe  line. 

The  top  of  the  dam  for  the  upper  20  feet  is  reinforced  with  IS  lines  of 
40-pound  steel  rails,  joined  with  fish-plates,  and  imbedded  in  the  con- 
crete. The  range  of  temperature  during  construction  was  from  30*^  to 
168°  F.  Observations  taken  after  completion  during  six  days  upon  which 
equal  extremes  of  50°  prevailed,  the  top  of  the  dam  was  found  to  have 
moved  up-stream  to  the  extent  of  J-inch,  showing  an  expansion  of  about 
1.5  inch  in  the  total  length  during  the  interval  of  the  observation.  This 
backward  and  forward  movement  cf  the  dam  appears  to  produce  no 
cracking  of  the  structure,  which  remains  in  an  entirely  sat^factory 
condition. 

Coolgardie  Dam,  Helena  River,  Australia. — The  daring  and  costly  proj- 
ect for  the  supply  of  the  desert  mining  region  of  Coolgardie,  by  pumping 
5,000,000  imperial  gallons  daily  through  a  pipe  Une  153.5  miles  lonfa?,  is 
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better  known  to  the  engineering  world  than  the  fact  that  in  connection 
with  this  project,  and  for  the  purpose  of  impounding  water  for  it,  a  dam  of 
large  dimensions  was  built  across  the  Helena  river.  The  works  were  de- 
scribed with  great  minuteness  in  an  able  paper  by  Chas.  Stuart  Russell 
Palmer,  M.  Inst.  C.  E.,  and  published  in  the  Minutes  of  the  Institution  of 
Civil  Engineers,  in  March,  1905. 

The  dam  is  a  rubble  concrete  structure,  straight  in  plan,  755  feet  long 
on  top,  100.5  feet  high  above  the  stream  bed,  and  197  feet  in  extreme  height 
above  lowest  foundations.  The  width  on  top  is  10  feet,  and  at  100  feet  below 
90  feet.  The  spillway  is  made  over  the  crest  of  the  dam  for  a  length  of  440 
feet,  spanned  by  a  footbridge  resting  on  seven  piers.  A  water  cushion  has 
been  provided  at  the  base  of  the  dam  by  an  auxiliary  weir  below  100  ft.  long. 

The  crest  of  the  dam  is  426.75  feet  above  sea  level,  6.75  feet  above  the 
lip  of  the  spillway.     The  maximum  depth  of  water  is  97  feet. 

The  volume  of  concrete  is  not  ^ven,  but  there  were  used  76,418  barrels 
of  cement,  the  mixture  being  in  the  proportion  of  1  of  cement,  2  of  sand  to 
5  of  crushed  granite  rock,  passing  a  2  J-inch  ring. 

The  construction  of  the  dam  began  in  January,  1900,  and  was  completed 
in  June,  1902. 

The  reservoir  covers  an  area  of  800  acres,  and  has  a  capacity  of 
4,600,000,000  imperial  gallons  (16,900  acre-feet). 

The  pipe  line  to  Coolgardie  is  30  inches  diameter,  351.5  miles  long^ 
and  has  a  capacity  of  5,600,000  gallons  in  24  hours.  It  is  of  the  lock-bar 
type.  The  total  natural  lift  overcome  by  the  eight  pumps  installed  along 
the  line  is  1290  feet,  but  the  total  head  pumped  against  including  friction 
is  2700  feet,  requiring  an  efifective  power  of  3129  H.  P.  The  power  provided 
w^as  3642  H.  P.  The  selling  price  fixed  for  the  water  to  cover  interest, 
depreciation  and  operating  cost  was  82  cents  per  1000  gallons,  equivalent 
to  $5.10  per  1000  cubic  feet,  or  S222  per  acre-foot. 

Cataract  Dam,  Australia. — The  highest  and  most  pretentious  dam 
construction  in  Australia  has  been  in  progress  of  erection  since  1902,  to 
form  a  reservoir  of  25,700,00(),0(K)  gallons  (78,800  acre-feet)  for  the  domes- 
tic supply  of  the  city  of  Sydney,  N.  S.  W.  The  dam  is  straight  in  plan, 
81 1  feet  long  on  top,  192  feet  maximum  height  (35  feet  below  and  157  feet 
al)ove  the  river-bed),  1.38  fec^t  thirk  at  the  base,  and  1(U  feet  at  the  crest, 
at  a  height  of  7  feet  above  the  spillway  level.  The  dam  is  provided  with 
a  spillway  at  one  end,  715  feet  in  length. 

It  is  formed  of  cyclopean  rubble  masonry  of  ])locks  of  sandstone  weigh- 
ing 2  to  5  tons,  set  in  cement  mortar,  and  packed  in  with  concrete,  the 
blocks  forming  about  65%  of  the  mass.  (See  Fig.  265.)  The  up-stream 
face  consists  of  concrete  blocks,  5x2.5x2  feet,  set  in  place  with  cement 
mortar,  and  backed  with  3  feet  of  concrete,  made  of  crushed  basaltic  stone 
and  cement.   The  down-stream  face  is  made  of  6  feet  of  concrete,  moulded 


The  outlets  of  the  dam  consiBt  of  two  48-inch  pipes,  placed  147  feet 
below  the  spillway  leveL  Two  additional  pipes  of  same  size  were  also 
built  through  the  dam  for  carrying  the  low-water  flow  during  construction. 
When  the  dam  was  76  feet  high  at  its  lowest  part,  a  flood  occurred  during 
which  water  flowed  16  feet  deep  through  a  gap  in  the  center  of  the  work, 
65  feet  wide,  without  causing  injury, 

The  dam  was  designed  and  built  by  L.  A.  B.  Wade,  M,  Inat,  C.  E.  It 
occupied  four  years  and  eleven  months  in  construction. 
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Bdnbiila  Dam,  Anstralui  (Fig.  236).— A  dam  eonsisdng  of  a  aeries  of 
buttresses,  or  pioB,  with  elliptical  arches  between  them,  was  built  oo  the 
Belubula  river,  N.  S.  W.,  for  the  Lyndhurst  Goldfield  Co.,  by  Mr.  Oscar 
Schulze,  C.  E.,  of  Sydney-,  for  the  sUmtge  of  water  for  power.  The  dam 
is  of  unusual  design  and  construction,  the  base,  or  foundation,  up  to  a 
hsight  of  23  feet,  consisting  of  concrete,  above  which  the  dam  was  built 
of  brick  a  further  height  of  36.75  feet,  in  the  form  of  six  buttresses,  28  feet 
apart,  center  to  center,  each  40  feet  long.  12  feet  wide  at  the  up-stream  side 
and  5  feet  thick  at  the  outer  end.  These  buttresses  form  piers  for  five 
brick  arches,  inclined  at  an  angle  of  3CP  from  the  vertical,  and  made  4  feet 
thick  at  bottom,  1  foot  7  inches  thick  at  top.  The  spandrels  between  the 
arches  wen*  filled  with  concrete,  which  covered  the  crown  of  the  arches 
to  a  depth  of  12  inches,  and  joined  the  side  walls  of  the  dam,  which 
are  also  of  concrete.  The  total  length  of  the  dam,  including  the  spillway 
section  of  65  feet,  is  431  feet.  The  dam  contains  almost  6000  cubic  yards 
of  concrete,  and  500,000  bricks  (1000  cubic  yards)  and  the  total  cost 
was  less  than  145,000. 

The  storage  in  the  upper  16  feet  of  the  reservoir  amoimts  to  87,120,000 
eubie  feet,  and  gives  a  head  of  200  feet  on  the  turbines  located  one-half 
mile  below  the  dam. 

The  Beetaloo  Dam,  South  Australia. — Like  the  Periyar  dam  in  India 
and  the  San  Mateo  dam  in  California,  this  structure  is  composed  entirely 
of  concrete,  of  which  about  60,000  cubic  yards  were  used. 

The  dam  was  built  in  1888-90,  to  form  a  ^ese^^•oi^  of  2045  acre-feet 
capacity  for  irrigation  and  domestic  water-supply. 

The  dam  Is  580  feet  long  on  top.  cur\'ed  in  plan,  with  a  radias  of  1414 
feet,  and  designed  after  Prof.  Ran  lane's  logarithmic  profile  tj-pe.  The 
maximum  height  is  110  feet,  the  base  width  being  the  same  as  the  height. 
The  tluckness  at  top  Is  14  feet.  The  spillway  is  200  feet  long,  5  feet  deep. 
The  cost  was  $573,300. 

Water  is  distributed  entirely  bv  pipes  under  pressure,  some  255  miles 
of  pipe  from  2  to  18  inches  diameter  beinjr  required. 

The  dam  was  designed  and  built  bv  Mr.  J.  C.  B.  Moncrieff,  M.T.C.E., 
Chief  En^'neer. 

The  Oeelong  Dam,  Australia. — This  structure  is  also  constructed  wholly 
of  concrete,  made  of  broken  sandstone  and  Portland  cement,  in  the  pro- 
portion of  1  of  cement  to  7^  of  aggregates. 

The  dam  is  CO  feet  high,  39  feet  thick  at  base,  and  2.5  feet  on  crest. 
It  is  curved  in  plan  on  a  radius  of  300  feet  from  the  water-face  at  crest. 
The  coping  is  formed  of  heavy  bluestone  of  large  size,  cut  and  set  in 
cement.  The  work  was  carried  up  evenly  in  courses  a  few  inches  thick, 
and  thoroughly  rammed.  The  surface  of  the  finished  concrete  was  wetted 
and  coated  with  cement  grout  before  adding  a  fresh  layer  to  it. 

The  dam  forms  a  reservoir  for  the  supply  of  the  city  of  Victoria.  Water 
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is  drawn  from  it  by  two  24-inch  pipes  passing  through  the  masonry,  one 
of  which  is  used  for  scouring  purposes.  The  dam  leaked  slightly  at  the 
outset,  but  this  leakage  quickly  disappeared. 

Dams  in  China. 

The  Tytam  Bam,  China. — This  modern  English  structure  was  built 
to  store  water  for  the  supply  of  Hong  Kong.  It  is  about  95  feet  high,  and 
is  intended  to  go  20  feet  higher.  The  present  crest  width  is  21  feet,  base 
about  65  feet.  The  water-face  of  the  wall  is  almost  vertical,  the  outer  face 
being  stepped  in  10  feet  vertical  courses.  The  water-face  is  laid  up  in 
granite  ashlar,  the  remainder  being  concrete,  with  stones  of  2  to  6  cubic 
feet  embedded.  About  40%  of  the  entire  wall  is  composed  of  stone,  and 
60%  of  concrete.  The  screenings  of  crushed  granite  were  used  as  sand, 
together  with  some  river  sand,  which  was  scarce,  and  used  without  wash- 
ing, as  it  was  believed  the  rock  dust  and  fine  particles  of  soil  would  con- 
duce to  water-tightness.  The  strength  of  the  mortar  was  less  of  a 
consideration  than  the  securing  of  a  water-tiglit  wall 

Dams  in  Africa. 

Assouan  Dam,  Egypt  (Fig.  267). — No  irrigation  works  of  modem  times 
are  more  notable  and  far-reaching  in  their  beneficial  results  upon  the 
industrial  welfare  of  the  people  than  the  great  storage  dam  erected  by  the 
Egyptian  Grovernment  at  Assouan,  on  the  river  Nile,  700  miles  above  its 
mouth.  It  creates  a  reservoir  with  a  capacity  of  863,000  acre-feet,  its  effect 
extending  back  up  the  river  a  distance  of  140  mileS;  estimating  its  surface 
slope  at  1:32,000.  It  will  thus  cover  an  area  of  over  40,000  acres,  a  large 
portion  of  which  is  not  over  1000  feet  wide.  The  duiii  which  was  begun 
in  189S  and  completed  in  June,  1902,  is  of  vast  proportions,  being  6400 
feet  in  length,  with  a  niaxiniuni  hoi<!;lit  of  130  foot  above  the  lowest  founda- 
tions and  containing  704,000  cubic  yards  of  masonry.  Tlie  niaxinuim 
depth  of  water  in  the  reservoir  availal>le  for  draft  is  al)out  GO.S  feet  at  the 
dam.  The  elevation  of  high- water  level  in  the  reservoir  is  348  feet  above 
mean  tide.  The  dam  is  divided  into  two  sections,  one  of  which  extends 
from  the  east  bank  for  1800  feet  as  a  solid  masonry  wall  without  openings, 
while  the  remaining  portion  of  4G00  feet,  containing  180  sluice-ways, 
reaches  to  the  west  bank,  and  includes  a  navigation  lock  on  that  side. 
The  sluice-ways  are  designed  to  carry  the  entire  volume  of  the  river  at 
flood,  without  permitting  the  water  to  reach  higher  than  within  9.8  feet 
of  the  top  of  the  dam.  The  width  of  crest  of  the  eastern  solid  section  is  17.8 
feet,  while  the  portion  in  which  the  sluice-ways  are  built  is  23  feet  wide 
on  top,  carrying  a  roadway  entirely  across  the  dam.  The  sluice-ways 
are  in  four  levels,  140  of  them  on  the  two  lower  levels,  each  being  7  meters 
high  by  2  meters  wide,  while  the  upper  banks  of  40  sluices  are  each  2  meters 
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wide  by  3.5  meters  high.  The  total  discharging  area  thus  provided, 
with  all  sluice-gates  open,  is  24,100  square  feet.  The  maximum  recorded 
discharge  of  the  river  was  494,500  second-feet  (1878-79)- 

The  sluices  mostly  are  in  groups  uf  ten,  with  spaces  of  5  meters  of  solid 
masonry  between  individual  sluices^  and  10  n^eters  between  two  adjoining 
groups,  where  buttresses  26  feet  wide,  3.8  feet  thick,  are  built  on  each 
face  at  intervals  of  240  feet.  The  openings  or  outlets  being  arranged  at 
varying  heights  the  reservoir  may  be  drawn  from  near  the  top,  without 
excessive  head  or  friction  to  resist  the  opening  of  the  gates.  Sixty-five 
of  them  are  [jlaced  near  the  bottom  of  the  dam,  with  silk  70.7  feet  below 
the  floor  of  the  roadway  on  top,  of  which  forty  are  hned  with  plates  of 
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cast-iron,  li  inch^  thick,  ha\^ing  flanges  or  ribs  embedded  in  the  masonry, 
12  inches  deep,  by  which  the  plates  are  bolted  together.  Seventy-five 
sluices  are  placed  at  the  next  higher  level,  55.8  feet  below  the  crest,  and 
of  these  one*third  are  provided  wnth  balanced  gates  of  the  Stoney  roller 
type,  easily  operated  under  full  pressure,  if  desired.  Of  the  remaining 
sluices  IS  are  placed  with  sills  42.7  feet  below  the  top  of  the  dam,  and  22 
are  29,7  feet  below  the  roadway  level.  The  navigation  pass  around  the 
dam  consists  of  a  canal,  partly  excavated  in  rock  and  partly  in  embank- 
ment witb  4  locks,  making  a  total  descent  of  68.9  feet-  The  canal  is  654 
feet  long,  49.2  feet  wide  on  tiie  base. 

The  dam  is  founded  on  a  ledge  of  granite  of  very  irregular  surface, 
one  narrow  channel  requiring  a  maximum  height  of  130  feet,  but  the 
average  height  is  about  82  feet.  The  base  width  Is  about  85  feet.  The 
down-stream  batter  is  1: 1.5,  w^hile  that  on  the  up-stream  face  is  1: 18. 
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The  dam  consbts  of  rubble  masonry  laid  in  1.4  cement  mortar.  It 
was  said  to  be  entirely  water-tight  when  completed.  The  total  excava- 
tion required  was  824,000  cubic  yards  or  double  the  estimate.  This  in- 
creased the  masonry  by  45%  over  what  was  anticipated,  so  that  the  final 
cost  of  the  dam  reached  the  sum  of  £2,450,000  ($11,907,000)  or  $13.80 
per  acre-foot  of  storage  capacity.  The  plans  for  the  dam  were  prepared 
originally  by  Sir  Wm.  Wilcocks,  M,  Inst.  C.  E.,  and  executed  by  Frederick 
W.  S.  Stokes,  M.  Inst.  C.  E.,  and  his  successor,  C.  R.  May,  M.  Inst.  C.  E, 
Sir  Benjamin  Baker,  M.  Inst.  C.  E.,  acted  as  consulting  en^neer  for  the 
Egyptian  Government,    The  contractors  were  Sir  John  Aird  &  Co. 

The  original  plans  first  proposed  would  have  raised  the  water  to  such 
a  height  as  would  have  inundated  the  ancient  temple  of  Philse,  situated 
a  mile  above  the  dam  on  an  island.  Out  of  deference  to  public  protest 
against  the  destruction  of  this  archsBological  monument,  the  plans  were 
modified  so  as  to  limit  the  flood  level  to  the  floor  of  the  temple.  In  order 
to  protect  the  portions  of  the  temple  resting  on  silt  a  great  deal  of  work 
in  underpinning  was  performed.  Quite  recently  it  has  been  decided  that 
the  temple  must  be  sacrificed,  as  the  importance  of  raising  the  dam  to 
l^ve  increased  storage  has  become  paramount  to  all  sentimental  con- 
siderations. The  capacity  of  the  reservoir  will  be  nearly  doubled  by  the 
higher  construction  which  has  begun,  and  which  will  make  it  the  largest 
reservoir  in  the  world.  It  is  reported  that  the  increase  of  storage  will 
add  1,000,000  acres  to  the  irrigable  area.  Work  has  already  begun  oa 
raising  the  dam,  which  will  require  three  to  four  years  to  complete. 

The  Assiout  Dam,  Egypt. — In  connection  with  the  utilization  of  the 
water  stored  in  the  great  Assouan  reservoir,  a  diverting  dam  was  con- 
structed at  the  same  time  across  the  Nile,  339  miles  below,  to  supply 
water  to  the  Ibrahimia  irrigation  canals.  The  work  is  fully  described 
in  a  paper  prepared  by  George  Henry  Stephens,  C.  M.  G.,  M.  Inst.  C.  E., 
and  published  in  Volume  153  of  the  Proceedings  of  the  Institution  of  Civil 
En^neers,  for  March,  1904.  Mr.  Stephens  had  charge  of  the  work  from 
its  commencement  until  its  completion  in  1902. 

The  dam  is  a  masonry  structure,  2691  feet  long,  built  on  a  quicksand 
foundation  and  carrying  a  roadway  on  arches  above  the  flood  level.  It 
consists  of  a  series  of  111  arched  openings,  each  16.5  feet  wide,  formed 
by  masonry  piers,  each  6.56  feet  thick,  51  feet  wide,  resting  on  a 
platform  or  base  of  concrete  and  rubble  masonry,  87  feet  wide,  9.8 
feet  thick  having  a  row  of  cast-iron  sheet  piles,  with  tongued  and  grooved 
joints,  driven  13  feet  into  the  sand,  on  the  upper  and  lower  edges  of 
the  platform,  as  a  cut-off  against  seepage  under  the  dam.  The  roadway 
level  on  top  is  41  feet  above  the  floor  of  the  structure.  The  maximum 
head  of  water  against  the  dam  is  34.5  feet. 
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The  river  bed  is  pFotected  from  erosion  by  a  stone  pavement,  laid 
parallel  with  the  dam  entirely  across  the  channel,  67  feet  wide,  placed 
on  a  bed  of  clay  puddle,  4,6  feet  deep,  46  feet  wide  on  the  up-stream  side^ 
with  a  similar  pavement  on  the  lower  side,  covering  an  inverted  sand  and 
gravel  filter  beneath  to  clarify  percolating  water  and  prevent  wash. 

One  of  the  interesting  special  features  of  this  work  is  the  use  of  cast- 
iron  sheet-piles  in  the  foundations.  These  were  each  16  feet  long,  2  feet 
3.5  inches  wide,  1|  Inch  thick,  and  weighed  about  2180  pounds.  The 
tongues  were  2i  inches  deep,  and  the  grooves  enough  deeper  to  admit 
of  a  }  inch  0.  D.  pipe  for  carrying  a  water  jet  to  facilitate  driving,  and 
subsequently  to  carry  cement  grout  with  which  the  grooves  were  filled 
and  made  water-tight.  The  work  required  210,222  cubic  yards  rubble 
masonry  and  concrete,  11,472  cubic  yards  ashlar  miisonry,  1,626,660 
cubic  yards  earthwork  in  excavation  and  embankment,  and  642,370 
cubic  yards  in  temporary  cofferdams.  The  navigation  lock  around  the 
dam  is  262  feet  long,  52.5  feet  wide,  and  capable  of  passing  the  largest 
steamers  that  ply  on  the  Nile.  The  cost  of  the  dam  and  locks  was  about 
$4,200,OC)0,  including  the  canal  headworks,  %vhich  cost  about  $660,000. 

The  irrigation  under  these  extensive  works  is  chiefly  devoted  to  the 
production  of  cotton  and  sugar  cane,  and  it  was  stated  that  the  value  of 
the  crops  produced  the  first  year  after  their  completion  was  in  excess  of 
the  entire  cost  of  the  works  constructed. 

Sand  River  Dam,  South  Africa  (Fig.  268)  »^ — A  dam  of  rubble  concrete 
was  built  in  1906  to  store  water  for  the  supply  of  Port  Ehzabeth,  Cape 
of  Good  Hope.  South  Africa,  having  a  height  of  55  feet,  a  length  of  398 
feet,  and  a  base  width  of  38  feet.  The  overflow  portion,  5  feet  below  the 
crest,  Ls  151  feet  long*  T^  ^  total  cubic  contents  of  the  dam  are  about 
9000  cubic  yards.  It  is  composed  of  concrete  mixed  in  the  proportion  of 
1  cement,  1*33  sand,  and  5.5  stone,  broken  to  pass  a  1^  inch  ring,  with 
**p]ums''  of  large  q\iartzite  rock  and  iron  rods  and  rails  embedded.  The 
materials  were  conveyed  to  place  by  means  of  an  aerial  wire  tramway.  The 
dam  is  straight  in  plan*  The  cost  was  about  $140,000<  The  works  were 
planned  and  constructed  by  Mr.  W*  Ingham,  .\ssoc.  M.  Inst.  C.  E. 

The  reservoir  formed  by  the  dam  has  a  capacity  of  about  220,000,000 
gallons  (660  acre-feet)* 

Johaimesbtirg  Dam,  South  Africa,* — To  supply  the  Rand  mines  with 
water  for  mining  and  domestic  purposes,  the  Vierfontein  Water  Syndicate, 
in  1898,  undertook  the  erection  of  a  rubble  masonry  and  concrete  storage 
dam  120  feet  in  extreme  height,  located  six  miles  south  of  Johannesburg* 
The  dam  was  planned  as  a  combination  arch  and  tangent,  the  arched  por- 

*  Engineering  Record,  January  7,  1899, 
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iion  being  340  feet  long  and  the  length  over  all  585  feet.  The  radius  at 
the  crest  of  the  arch  was  275  feet,  decreasing  to  206  feet  75  feet  below,  to 
meet  the  lines  of  the  gra\'ity  dam  on  tangent.  After  stripping  a  depth 
of  12  to  14  feet,  a  base  of  concrete  40  feet  wide,  15  feet  thick,  was  laid, 
in  which  railway  rails  were  enibedded  in  two  layers,  one  longitudinally 
near  bedrock  and  the  other  transversely  about  two  feet  below  the  top- 
On  this  foundation  the  masonry  work  of  uncoursed  rubble  was  laid  with 
a  base  width  of  36.5  feet^  decreasing  to  33  feet  at  a  height  of  20  feet,  and 
to  7  feet  at  the  crest.  The  total  volume  of  masonry  in  the  dam  was  esti- 
mated at  30,000  eubie  yards.  The  materials  were  handled  by  a  Lidger- 
wood  cableway,  suspended  across  the  gorge.  The  rock  used  was  a  hard 
blue  quart^site,  quarried  half  a  mile  away*  The  water  was  to  be  pumped 
from  the  dam  to  a  service  reservoir  I J  mile.^  distant,  at  an  elevation  of 
575  feet  above  the  dam. 

The  reservoir  covered  an  area  of  104  acres,  and  had  a  capacity  of  abont 
3900  acre-feeU  The  works  were  planned  by  Wm.  Ham.  Hall>  M.  Am.  Soc- 
€.  E.,  as  consulting  engineer,  with  Mr.  J.  B.  Rogers  as  resident  engineer. 

Construction  was  well  advanced  at  the  time  of  the  breaking  out  of 
the  Boer  war,  which  caused  a  suspension  of  operations. 


Dams  in  German  r- 

The  Remscheid  Bam,  Germany  (Fig*  269),— This  structure  is  one  of 
the  bedt  existing  types  of  reservoir  walls,  as  they  are  designed  and  built 
by  modern  German  engineers,  and  possesses  more  than  ordinary  interest. 
It  13  82  feet  high,  49.2  feet  thick  at  base,  IJ^.l  feet  thick  at  crown,  and  is 
curved  in  plan,  with  a  radius  of  410  feet.  Th?  total  contents  of  the  dam 
are  22,886  cubic  yards,  and  its  cost  is  given  at  S31,154,  an  average  of  $3.98 
per  cubic  yard.  The  reservoir  formed  by  it  has  a  capacity  of  35,310,500 
cubic  feet,  of  811  acre-feet,  wliile  its  average  cost  was  $112.45  per  acre-foot 
of  storage  capacity. 

The  dam  is  built  across  the  Eschhach  valley,  and  is  designed  to  supply 
the  city  of  Remscheid,  and  manufacturers  in  the  valley  below.  It  was 
begun  in  May,  1889,  and  water  turned  on  November,  1893.  It  is  composed 
of  rubble  masonry,  the  stone,  a  hard  slate,  being  laid  in  trass  mortar*  Trass 
is  a  rock  of  volcanic  origin,  from  which  hydraulic  lime  is  made  resembling 
pozzuolana,  used  so  pxtensivelv  in  Italy,  The  mortar  consists  of  one  part 
lime,  one  and  one-half  parts  trass,  and  one  part  sand,  and  was  preferred 
by  the  engineer  to  Portland  cement,  because  it  sets  more  slowly  and  testa 
showed  it  to  be  superior  in  point  of  elasticity.  The  dam  has  shown  no 
settlement,  no  cracks,  and  no  leaks.  The  courses  of  mason rv  were  laid 
so  as  to  he  as  nearly  perpendicular  as  possible  to  the  varying  direction  of 
the  resultant  pressures  at  a!l  points.     The  water-face  of  the  dam  was 
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plasteref!  with  cement  mortar,  over  which  two  coats  of  aFphalt  were  placed, 
the  a^^phalt  extexidiTig  20  inehefl  over  the  bed-rock.  Then  a  Wick 
wall,  1^  to  2^  bricks  thick,  was  carried  up  outside,  tight  against  the 
asphalt. 

The  dam  was  designed  and  built  by  Prof.  0.  Intze,  and  described  in  a 
paper  published  in  the  Journal  of  iht  Society  of  German  Engineers^  from 
which  the  facti?  above  given  are  gleaned. 

The  Einsiedel  Dam,  Germany. — This  dam  was  completed  in  1894,  and 
forme  a  reservoir  for  supplying  the  city  of  Chemnitz*  It  ie  composed  of 
rubble  masoiir>%  the  total  volume  of  which  was  31,600  cubic  yards*  Its 
maximum  height  above  foundation  is  92  feetj  of  which  G5  feet  is  above 
the  natural  surface*  The  length  over  top  is  590  feet,  top  thickness  13  feet, 
baiic  6o.5  feet.  It  is  curved  to  a  radius  of  1310  feet*  The  storage  capacity 
of  the  reservoir  is  95,000,000  gallons  (291  acre-feet). 

The  tJrf t  Dam,  Germany, — The  highest  dam  in  Europe  is  that  built 
in  19tM  to  1904  across  the  river  Urft,  near  the  city  of  Aachen,  Germany 
(population  in  1895,  110p500),  the  seat  of  the  great  Polytechnic  School,  one 
of  whose  Professors,  Otto  Intze,  de.signed  the  structure,  which  is  but  an 
hour's  Journey  from  the  famous  Gileppe  dam,  in  Brussels.  The  dam  is 
curved  in  plan,  on  a  radius  of  656  feet,  and  has  a  crest  length  of  741  feet- 
Its  maximum  height  is  190.3  feet.  Its  thickness  at  base  is  165.7  feet,  and 
at  top  IS  feet,  at  a  height  of  4.9  feet  above  the  spillway  level.  The  base 
is  exactly  equal  to  the  maximum  depth  of  water.  On  the  up-stream  face 
of  the  dam  an  earth  embankment  is  built  to  withiti  77  feet  of  the  topp 
having  slope  of  2  on  1»  paved  with  rock.  The  body  of  the  dam  is  built 
of  slate  masonry  laid  in  courses  inclined  against  the  lines  of  ]>ressure, 
after  the  plan  of  the  Remscheid  dam,  while  on  the  up-stream  face  is  laid 
a  separate  wall  of  traprock  masonry;  3  feet  thick,  the  stones  of  which 
are  stepped  on  the  battered  portion  of  the  face.  Previous  to  laying  this 
face  wall  the  masonry  was  covered  with  a  plaster  coat  of  cement,  one 
inch  thick,  and  a  coat  of  asphaltum,  to  insure  water-tightness.  As  an 
additional  precaution  for  the  same  purpose,  the  earth  embankment 
was  built  as  described.  To  provide  for  the  drainage  of  any  water  that 
might  penetrate  the  body  of  the  masonry  in  spite  of  these  extraordinary 
measures,  two  rows  of  2i  inch  clay  pipes  were  placed  vertically  in  the 
heart  of  the  dam,  from  top  to  bottom,  the  pipes  being  S  feet  apart  in 
each  row*  The  pipes  of  each  row  are  connected  to  a  6-inch  heacler  pipe 
that  leads  to  the  drainage  tunnels  built  through  the  dam  near  the  center 
at  the  lowest  leveL  In  each  drainage  tunnel,  which  extends  through 
the  earth  embankment  to  the  reservoir,  a  23-inch  steel  washout  pipe  is  laid. 

The  main  outlet  of  the  reservoir  h  a  tunneb  9200  feet  long,  about  a 
mile  north  of  the  dam.     Water  carried  through  this  tunnel  supplies  pow^r 
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under  a  head  of  360  feet,  from  which  10,000  H.  P.  is  generated  in  8  units 
and  transmitted  to  neighboring  manufacturing  towns.     (See  Fig.  270.) 
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The  Solingen  Dam,  Germany. — The  water  supply  of  the  city  of  Solin- 
gen  (population  in  1895,  40,800)  is  in  part  derived  from  a  reservoir  formed 
by  a  stone  masonry  dam,  arched  in  plan,  on  a  radius  of  492  feet,  having 
a  crest  length  of  585  feet.  Its  length  at  base  is  125  feet;  the  thickness 
at  top  is  14.7  feet,  and  at  the  foundation  level  the  masonry  is  120  feet 
thick,  while  the  maximum  height  is  141  feet.  The  location  of  this  dam  is 
but  a  short  distance  from  Remscheid. 


Afrer  Reconstruction. 


Pdrt     Plan. 


(6pllltfay)  ^ 


Before  Reconstruction. 
Fir,.  271.— Lknnkp  Dam,  Germany. 


Fig.  272.— Lennep  Dam,  Germany, 


[To  face  page  397.] 
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The  Lauchense*  Dam,  Gennanj.^ — This  structure  b  one  of  four  built 
by  the  German  Government  in  1S92-95,  for  the  purpose  of  increasing  the 
low  wat€r  flow  of  the  streams  of  the  Vosges  mountains^  and  has  many  in- 
teresting features.  It  has  a  maximum  height  of  98,4  feet,  b  about  S40 
feet  long  on  top,  and  is  cun-ed  up-stream  with  a  radius  of  2950  feet.  The 
crest  width  is  13  feet,  base  65  feet,  designed  as  a  gravity  structure,  with 
all  lines  of  pressure  falling  within  the  center  third.  It  is  composed  of 
Cyclopean  rubble,  laid  in  concrete  of  trass  mortar,  mixed  in  the  proportion 
of  1  part  lime,  1  part  trass  and  2  J  part^sand,  produced  by  crushing  sand- 
stone, which  is  the  foundation  rock  of  the  dam. 

The  dam  contains  37,400  cubic  yards  of  masonry,  of  which  65%  is 
stone  and  35%  mortar.  The  masonry  cost  S5»3S  per  cubic  yard,  the 
total  cost  of  the  dam  being  $243,750,  includbg  $23,750  for  an  earth 
embankment  placed  against  the  down-stream  side  of  the  dam  four 
years  after  the  masonry  was  completed,  when  it  had  Ijeen  demonstrated 
that  there  were  no  defects  in  the  masonry  structure.  The  purpose  of 
this  embankment,  which  reaches  nearly  to  the  top  of  the  dam,  is  to 
protect  the  masonry  from  the  sun,  it  havhig  been  noted  during  many 
years'  observ^ation  on  the  elastic  movements  of  the  dams  of  that  ipgion 
that  the  water  pi^essure  exerted  a  much  smaller  influence  than  the  expan- 
sion due  to  w  arm  weather.  The  embankment  is  paved  on  the  surface, 
and  is  pro\nded  with  two  berms. 

The  resen^oir  has  a  capacity  of  but  27,200,000  cubic  feet  {624  aci5e-feet). 
The  average  cost  was  thei-efore  about  $390  per  acre-foot  of  storage  ca« 
pacity  provided.  The  chief  engineer  of  the  work  was  Mr,  H,  Fecht, 
who  contributed  an  article  in  the  *'ZeitscMft  fur  Bauwesen,"  quoted  by 
Engineering  Record,  August  30,  1902. 

Lennep  Bam^  Germany  (Figs.  27 1>  272)* — This  dam  was  originallly  built 
in  1893  to  a  maximum  height  of  37,7  feet,  with  a  width  on  bottom  of  24.6 
feet,  and  a  crest  width  of  5,25  feet,  forming  a  small  reservoir  of  32,000,000 
gallons  capacity,  supplying  the  city  of  Lennep,  The  dam  was  curved 
up-stream  with  a  radius  of  460  feet ,  and  ita  crest  length  was  416  feet. 
To  increase  the  storage  capacity  to  aljout  double,  it  w^as  decided  to  add 
10  feet  to  the  height  of  the  dam,  and  this  addition  was  recently  completed 
in  a  somewhat  remarkable  manner  hy  building  a  series  of  buttresses  or ' 
counterfort  w^alls  on  the  down-stream  side,  41  feet  apart  from  center  to 
center^  each  buttress  being  uniformly  9.84  feet  thick.  At  the  section  of 
maximum  height  the  buttresses  extended  dowm  a  distance  of  26.24  feet 
from  the  original  toe  of  the  dam,  and  at  the  level  of  the  crest  of  the 
old  dam  the  buttress  is  10.66  feet  wide.  An  addition  to  the  top  of  the  dam, 
10,7  feet  high,  was  built  in  trapezoidal  section,  starting  with  the  crest 
width  of  the  old  dam  and  narrowing  slightly  to  the  top,     A  seri^  of  hori- 
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sontol  trehes  were  sprang  between  the  butUcasM  at  the  crown  leiel  end 
at  mid  height  to  transmit  the  preesuie  to  the  buttreaaes,  and  at  the  same 
time  vertical  arches  of  concrete  were  made  between  the  upper  and  kmer 
boruKontal  arches*  The  masonry  of  the  Buttresses  was  laid  in  ooazaes 
so  inclined  as  to  be  normal  to  the  lines  of  pressure,  as  in  the  Remscheid, 
Urft  and  other  German  dams.  The  mortar  used  in  the  concrete  and  in 
laying  the  masonry  conasted  of  1  part  Portland  cement,  1  part  slaked 
fime^  H  parts  trass,  and  4}  parts  washed  sand.  Lennep  is  a  small 
dty  of  14,000  inhabitants,  in  the  neighborhood  of  Remscheid.^ 

Other  German  Dams^ — The  following  list  of  masonry  dams,  deogned 
after  what  may  \)e  termed  the  Intze  t\'pe,  with  earth  embankments  on 
the  up-stream  face,  is  quoted  by  Mr.  Edward  Wegmann  in  his  work, 
from  an  article  on  masonry  dams  by  H.  Bellet,  Civil  Engineer. 

Name.  Location.  Height  in  Feei. 

Salbach Ronsdorf . . .' 78.5 

Lingese Marienheide 80.5 

Eschbach Remscheid 82.0 

Bever Hiikeswagen 82.0 

Fuelbecker. Altena 88.7 

Jubach Meinerzhagen 91.3 

Glorbach Breckerfeld 105.4 

Hasperbach Haspe 111.0 

Herbringhauser Liidringhausen 1 12.0 

Oester Plettenberg 119.0 

Henner Meschede 125.0 

Enno|>e Altenvorde 135.0 

Sengbach Solingen 142.0 

Queis Silesia 148.0 


Dams  in  Austria. 

The  Komotau  Dam,  Austria. — The  highest  dam  in  the  Austrian  Em- 
pire waH  built  near  the  city  of  Komotau,  Northern  Bohemia,  near  the 
German  frontier,  on  a  tributary  of  the  river  Klhe,  in  1901-1904,  for  the 
wat<?r  supply  of  that  little  city,  whose  population  in  1900  was  13,050.  The 
dam  forms  a  ro.*<ervoir  of  24,710,(KM)  cubic  feet  capacity,  or  568  acre-feet. 
It  has  a  maxinnim  height  of  139.4  feet,  or  116.5  feet  above  the  stream  bed, 
and  carries  a  maximum  depth  of  111.5  feet  of  water.     It  is  508.5  feet  in 


♦  Engineering  News,  August  29,  1907,  with  illustrations  from  the  "Zeitschrift  fiir 
Bttuwcnoii." 
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length  on  top,  170.6  feet  long  at  bottom,  is  98.4  feet  thick  at  the  base,  and 
13  feet  on  the  crest.  It  is  curved  in  plan,  on  a  radius  of  820  feet.  The 
total  volume  of  masonry  is  53,600  cubic  yards,  consisting  chiefly  of  cyclo- 
pean  rubble,  made  of  large  blocks  of  gneiss  embedded  in  Portland  cement 
concrete-  The  crest  of  the  dam  is  ornamented  with  dimension  stone  of 
granite,  cut  and  laid  in  mortar. 

In  this  dam,  as  in  many  of  the  newer  German  dams,  a  facing  of  asphalt- 
urn  and  tar  was  applied  in  two  layers,  held  in  place  against  the  up-stream 
slope  by  a  layer  of  concrete,  dovetailed  into  the  main  body  of  the  dam,  A 
drainage  system  in  the  body  of  the  masomy  was  also  provided  to  carry 
off  possible  seepage,  by  means  of  3-inch  vertical  pipes  with  open  joints, 
placed  in  small  shafts,  built  6.5  feet  apart,  3.3  feet  in  from  the  water-face. 
These  connect  at  the  bottom  with  larger  pipes  discharging  any  water  so 
collected  into  a  drainage  gallery  leading  to  the  down*stream  side.  In 
this  manner  it  is  intended  to  prevent  the  possibility  of  the  existence  of 
upward  pressure  in  the  interior  of  the  masonry.  This  treatment  of 
masonry  dams  is  liecoming  quite  universal  among  European  engineers 
and  is  being  adopted  in  the  United  States. 

The  dam,  though  known  to  the  out'^ide  world  by  the  name  of  the  city 
it  supplies,  is  locally  named  for  the  Austrian  Emperor,  Franz  Joseph, 

Dams  Ik  Belgium, 

The  Gileppe  Dam,  Belgium,^No  masonry  structure  of  modern  times 
has  BO  great  a  section  as  this,  and  few  if  any  contain  such  an  enormous 
masB  of  masonry,  the  total  voJume  of  which  is  325,000  cubic  yard?;^  all  of 
whirh  was  put  in  place  in  six  yearSj  from  1870  to  IS 75  inclusive.  The 
dam  is  most  imposing  in  appearance,  but  it  has  a  vast  excess  of  masonry 
beyond  safe  requirements,  the  effect  of  which  is  to  place  additional  stress 
upon  the  foundation  masonry  without  increasing  the  stability.  The  prin- 
cipal dimensions  are  as  follows: 

Maximum  height .,...,,  1 -..,,»  154    feet 

Length  on  top. . , 771        '* 

Breadth  on  top. , . . . ,     49        ^' 

Breadth  at  base ..,.,. 216.5     " 

The  dam  is  curved  up-stream  on  a  radius  of  1640  feet.  It  was  designed 
hy  M.  Bidaut^  Chief  Engineer,  who  occupied  nine  years  in  the  preliminary 
studies  hefore  plans  were  submitted  to  the  Belgian  Government,  by  whom 
it  was  erected  to  regulate  the  flow  of  the  Gileppe  Hiver  and  provide  a  pure- 
water  supply  for  the  cloth  manufactories  at  the  city  of  Verviers. 

The  reservoir  formed  by  the  dam  covers  an  area  of  19B  acres  and  im- 
pounds 3,170,000,000  gallons,  or  9730  acre-feet.    The  mean  depth  is  49 
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ieet,  or  just  one-third  the  maximuin  depth.  The  capacity  of  the  reservoir 
is  about  one*half  the  average  annual  rnn-off  from  15,4  gquare  miles  of 
watershed. 

The  masonry  is  rough  rubble  throughout^  of  sandstone  quarried  on  the 
spot.  The  dam  is  gunnounted  by  a  cyclopean  statue  of  a  lion  sitting  on. 
a  pede&taL    An  ample  carriageway  is  provided  across  the  dam. 

Considering  the  great  thickness  of  the  wall  and  the  care  taken  in  its. 
con!?t ruction,  it  was  a  great  disappointment  to  find  on  filling  the  reservoir 
that  it  leaked  quite  considerably.  This  leakage  gradually  diminished  and  is 
of  no  importance  as  affecting  the  stability  of  the  dam. 

The  entire  cost  of  the  dam  was  $874,000,  or  $89.83  per  acre-foot  of 
Etorage  capacity, 

Dams  ix  Great  Britain, 

The  Vyrnwy  Dam,  Wales. — Since  July  14,  1892,  the  city  of  Liverpool, 
England,  has  been  cliiutly  supplied  by  water  from  a  large  storage-reservoir 
in  the  mountains  of  Wales^  77  miles  distant,  formed  by  a  monumeotai  dam 
of  masonry  erected  across  the  Vyrnwy  vaUey,  in  1882  to  1880,  The  dam 
has  a  top  length  of  1172  feet,  is  straight  In  plan,  and  \im  a  maximum  height 
of  161' feet  from  foundation  to  parapet.  It  is  used  as  an  overflow- weir  over 
its  entire  length,  and  its  profile  was  designed  to  offer  additional  resistance 
over  that  pri'sented  hy  water-pressure  alone.  An  elevated  roadway  is 
carried  across  the  dam  on  piers  and  arches,  above  the  level  of  flood-water, 
which  adds  greatly  to  the  architectural  effect  and  ornamentation  of  the 
imposing  mns:^  of  masonry.  The  great  wall  is  composed  of  cut  stone.  The 
base  width  of  the  dam  is  117.75  feet.  The  back*water  level  below  the 
dam  is  45  feet  above  its  base. 

The  total  vohime  of  masonry  in  the  dam  is  260,000  cubic  yards^  which 
was  laid  with  such  extraordinary  care  that  its  average  cost  was  nearly  $10^ 
per  cubic  yard,  in  a  country  where  materials  and  labor  are  of  the  cheapest. 

The  base  of  the  dam  is  founded  on  a  hard  slate  roek,  and  one  end  of 
the  masonry  is  built  into  the  solid  wall  of  hed-roek  on  the  side  of  the 
valley.  At  the  other  end,  however,  the  rock  was  so  deeply  overlaid  with 
a  deposit  of  bowlder  clay  that  the  masonry  was  connected  with  this  material 
by  a  pnddle-wall  of  clay  recessed  into  the  masonry* 

The  general  dimensions  of  the  dam  are  as  follows: 

Total  length  on  top. . , * 1172  feet^ 

Maximum  height  on  top  of  roadway  parapet 161    *' 

Height,  river-bed  to  parapet 101    *' 

Height,  river-bed  to  overflow- level . .  *  * 84   ^ 

Greatest  width  of  base, . , . , 120    '' 

Batter  of  water-face. • 1  to  7,27    *' 
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The  cost  of  the  dam  is  giren  as  follows: 

Borings  and  preliminary  work $3i,600 

Excavating  220,820  cu.  yds.  and  backfilling  79,501  cu.  yds 287,600 

Puddle-wall,  including  excavation 16,800 

Masonry  and  brickwork 2,532,000 

Regulating  and  gauging  plant 46,000 

Basin  and  other  work  below  dam 40,000 

Total  for  dam  proper $2,957,000 

In  addition  to  this  the  removal  of  a  village  in  the  basin,  the  building 
of  roads  around  the  lake,  culverts,  fencing,  planting,  dressing  slopes,  and 
erection  of  superintendent's  house  cost  $377,000,  or  a  total  of  $3,334,000. 

The  reservoir  formed  by  the  dam  covers  a  surface  area  of  1121  acres, 
and  impounds  12,131,000,000  Imperial  gallons,  or  44,690  acre-feet.  This 
gives  a  mean  depth  of  39.87  feet,  or  47.5%  of  the  maximum.  The  water- 
shed area  is  29  square  miles,  upon  which  the  minimum  recorded  rainfall 
is  49.63  inches,  and  the  maximum  118.51  inches. 

The  average  cost  of  the  dam  per  acre-foot  of  storage  capacity  formed 
by  it  was  $74.61. 

The  dam  was  planned  and  constructed  by  Geo.  F.  Deacon,  Chief 
Engineer,  Liverpool  Water-works.  Messrs.  Thos.  Hawkesley  and  J.  F. 
Bateman  were  consulting  engineers. 

Tests  made  by  Kirkaldy  of  large  blocks  of  the  concrete  and  masonry 
taken  from  the  dam  showed  a  compressive  strength  of  300  tons  per  square 
foot,  while  the  maximum  strains  to  be  borne  by  it  are  but  9  tons  per  square 
foot,  an  excess  of  strength  which  has  been  considerably  criticised. 

The  Blackbrook  Dam,  England. — A  dam  of  considerable  importance 
was  built  in  1900  to  1905  across  the  valley  of  the  Blackburn,  to  form  a 
reservoir  of  8(),060,()0()  cubic  feet  capacity  (1860  acre-feet)  as  storage 
for  the  domestic  supply  of  the  city  of  Loughborough  (population  in  1891, 
18,200).  The  dam  is  108  feet  in  maximum  height,  525  feet  long  on  the 
crest,  05  feet  thick  at  base,  and  14  feet  at  top,  carrying  a  maximum  depth 
of  65  feet  of  wat<;r.  The  foundations  extend  down  30  feet  below  the  orig- 
inal stream  level,  and  a  cut-off  trench  goes  down  25  feet  still  deeper. 
The  dam  has  a  spillway  over  the  crest  for  a  length  of  150  feet,  which  is 
spanned  with  six  arches  of  25  feet  each,  carrying  a  9-foot  roadway  over 
the  .top  of  the  dam.  A  wat<^r-(;ushion  or  tail  pond  is  provided  at  the  down- 
stream toe  of  the  structure  to  prevent  scouring  during  heavy  floods.  Water 
is  drawn  from  the  reservoir  through  valves  placed  at  various  levels  in 
a  valve  tower  above  the  dam. 

The  work  was  carried  out  under  direction  of  Messrs.  George  and  F.  W. 
Hodson,  M.  M.  Inst.  C.  E. 
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The  Swansea  Banij  Wales, — ^The  waterworks  of  Swansea,  Wales  (pop- 
Illation  in  1891,  90,400),  were  supplemented  in  1905  by  a  storage  reservoir 
formed  by  a  dam  of  Cyclopean  rubble  masonry,  faced  with  brick,  having 
a  maximum  height  of  144  feet,  and  a  crest  length  of  1250  feet.  The 
structure  was  carried  down  into  the  rock  a  depth  of  37  feet  below  the 
riv€r  bed,  and  is  7  feet  higher  than  the  overflow  level,  leaving  an  available 
<iepth  of  100  feet  of  water  in  the  reservoir* 

The  up-stream  face  ia  vertical  from  the  top  down  for  70  feet,  then 
batters  1:20  to  the  bottom.  The  thickness  at  the  river  bed  level,  107  feet 
below  the  crest,  is  75  feet*  For  the  heart  of  the  dam  the  large  stones  were 
bedded  in  1:2; 5  concrete,  but  in  the  lower  part  of  the  base  and  the  upper 
six  feet  of  the  water  face  a  richer  mixture  was  used,  consisting  of  1  of 
csement,  2  of  sand  and  3*4  of  fine  crushed  rock. 

The  brick  facing  on  both  up-stream  and  down-stream  sides  of  the 
dam  IB  uniformly  18  inches  thick,  tied  into  the  body  of  the  masonry^  and 
laid  in  L3  cement  mortar*  The  brick  used  were  blue  Staffordshire  brick, 
hard  burned,  with  hard  pressed  brick  for  the  exterior  facing  courses. 

The  dam  was  designed  and  constructed  by  Mr.  R,  H.  Wyrill,  M.  Inst, 
C,  E.p  Borough  and  waterworks  engineer  for  the  city  of  Swansea, 

The  use  of  brick  for  the  facing  of  a  masonry  dam  is  confined  to  three 
principal  structures  in  the  world,  as  far  as  recorded  in  technical  hterature: 
the  Renscheiddam,  with  one  face  so  covered,  and  the  Ithaca  dam,  with  both 
faces  of  brick,  being  the  other  two  examples,  aside  from  the  Swansea  dam* 

The  Barrator  Dam,  England* — The  city  of  Plymouth  (population  in 
1891,  84,200),  a  port  in  the  south  of  England,  began  the  construction  of 
the  Burrator  reservoir,  on  the  river  Meavy,  10.5  miles  from  the  city,  in 
1893,  by  the  erection  of  a  masonry  structure  called  the  Burrator  dam, 
and  an  earth  embankment  called  the  Sheepstor  dam,  both  notable  struc- 
tures. The  works  were  described  by  Edward  Sandeman,  M*  Inst,  C*  E*, 
in  a  paper  contributed  to  the  Institution  of  Civil  Engineers,  and  published 
in  October,  1901,  from  wluch  the  following  description  has  been  compiled- 
Mr,  Sandeman  was  hydraulic  engineer  lor  the  city,  and  constructed  the 
works  under  the  advice  of  James  Mansergh,  F*R,S,,  President  Inst,  C.  E,, 
acting  throughout  as  consulting  engineer. 

The  Burrator  dam  has  a  total  height  of  145.5  feet  from  base  of  founda- 
tion to  the  coping  of  the  parapet  wall,  is  straight  in  plan,  361  feet  in  length, 
with  a  thickness  of  62,8  feet  at  the  level  of  the  river  bed,  77  feet  below 
the  overflow  level,  and  is  battered  on  the  up-stream  face  7.6%,  and  on 
the  lower  face  61%,  It  carries  a  roadway  18  feet  wide  on  top,  supported 
over  a  central  spillway  of  125  feet  total  length  by  five  segmental  arches  of 
28  feet  span.  The  maximum  depth  of  excavation  to  granite  bedrock  was 
40  feet. 
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Blocks  of  granite,  rougUy  dte^Sed  on  tlie  bed  and  weighing  from  a 
f©^  hundred  pounds  to  7  tons,  were  embedded  in  rich  concrete*  while  the 
facings  were  composed  of  large  stones  having  an  a%'Brage  thickness  of  30 
mches,  with  beds  and  joints  carefully  dressed*  but  left  rough  on  the  oxter- 
-'or,  and  laid  in  cement  mortar,  the  joints  being  pointed  and  calked  with 
oeat  cement  niortan 

The  cost  of  the  masonra^^  dam  was  $495,700^  wiiile  the  cost  of  the  earth 
dam  was  $106,600,  a  total  of  $602,300.  Tlie  reservoir  has  a  capacity  of 
105,120,000  cubic  feet  or  2410  acre-feet.  The  average  cost,  therefore 
was  $250  per  acm-foot  of  reservoir  capacity. 

The  earth  dam  la  a  remarkable  structure  on  account  of  the  extraordi- 
m^y  depth  of  excavation  required  to  reach  bedrock  with  the  concrete 
core-wall,  whose  lowest  level  is  91  feet  below  the  surface.  This  was  built 
up  to  within  22  feet  of  the  water4ioe  throughout ^  5  to  6  feet  thick,  on  top 
of  which  clay  puddle  8*5  feet  thick  at  bottom,  6  feet  at  top,  was  extended 
nearly  to  the  crest  of  the  embankment*  The  maximum  depth  of  water 
againat  this  embankment  is  but  17  feet.  Its  length  is  470  feet,  crest  width 
12  feet,  slopes  3  on  1  and  2  on  L 

Thirlmcre  Dam,  England  (Fig.  272). — A  part  of  the  water  supply  of 
Manchester  is  furnished  from  a  reservoir  at  Thirlmere  lake,  formed  by 
B  masonry  dam,  built  in  1886-1893.  The  dam  has  a  maximum  height  of 
62  feet,  and  is  18.5  feet  wide  on  top,  forming  a  roadway  with  masonry 
para{>ets  on  each  side.  The  width  of  the  dam  at  the  base  is  5L8  feet* 
The  up-stream  face  has  a  batter  of  12,5%,  while  on  the  down-stream  side 
is  a  vertical  curve  with  a  radius  of  100  feet* 

The  dam  has  a  gra\ity  section,  and  is  built  on  a^reverse  curve,  in  order 
to  follow  the  alinement  of  highest  bedrock  across  the  valley.  The  crest 
of  the  roadway  of  the  dam  is  6*2  feet  higher  than  the  high  water  level 
of  the  reservoir- 

The  dam  was  built  by  Mr*  George  H.  Hitl,  engineer  in  charge. 

Craig  Goch  Dam,  Wales.— The  city  of  Birmingham,  England,  has 
been  engaged  for  many  years  past  in  extensive  works  of  water  storage 
to  obtain  an  additional  supply  from  the  mountains  of  Wales^  to  be  brought 
to  the  city  by  an  aqueduct  74  miles  long,  8  feet  high  inside,  by  7,5  feet 
wide,  witli  a  capacity  of  129  cubic  feet  per  second,  A  total  storage  capacity 
of  66,000  acre-feet  is  being  created  by  the  erection  of  five  high  masonry 
damSf  one  of  which,  the  Craig  Goch  dam,  is  illustrated  by  two  photographs, 
Fig^-  275  and  276,  taken  from  Engineering  Record^  January  30,  1904. 
Other  dams  on  the  same  stream  are  the  Caban  Goch  and  Pen-y-Gareg  dams^ 
which  are  straight  in  plan.  The  Careg-Dhu  dam  and  one  other  masonry 
etructure  are  located  on  the  Clare  wen  river. 

The  total  cost  of  the  dama  and  aqueduct   are  estimated  at  over 


Fig.  276. — Craiq  Goch  Dam  and  REJ^EEvnm,  Radnok&hihe,  Ual^.s,  kuk  BiHMiNGfiAM 
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H^^i  fhiTri 1 080  lis 

Ilenrent  dam 1^/70  115 

Ha«ieed&m C^^  136 

A«tKip  dAin S40  HW 

BAiuf'/rd  djun. 2yXi  95 

In  excnr9kiin%  ff/r  the  Howien  dam  it  lias  been  necessary  to  sink  to 
*  depth  of  67  feet  Mow  the  river  bed  to  reach  bedrock,  and  a  trench  20 
feet  deeper  has  to  be  cut  into  the  rock  to  reach  water-ti^t  strata.  In 
tnaking  the  excavations  a  cablewar  for  carrying  away  the  spoil  has  been 
used* 

The  dam  is  to  be  160  feet  thick  at  the  base,  9  feet  at  crest,  and  be  bmK 
of  Cyclopean  ruliVjle  masonr}-.    It  wfll  have  a  long  spillway  over  the  crest. 

It  is  estimate^l  that  the  works  will  cost  entire  about  $^,000,000,  and 
serve  about  2/XXi,000  people.  The  work  will  occupy  twenty  years  in  ocm- 
struction  Wfore  the  entire  system  is  completed,  although  they  will  be 
in  partial  ser\'ice  at  a  much  earlier  date.  The  main  aqueduct  will  be  55 
miles  long. 

Dams  in*  South  America. 

The  Rio  das  Lages  Dam,  Brazil. — The  Rio  de  Janeiro  Tramway,  Light 
and  Power  Co.,  in  VM)T}4)1,  built  a  rubble  masonn'  dam  135  feet  in  height, 
on  the  Kio  das  IjUVf^,  50  miles  from  the  city  of  Rio  de  Janeiro,  to  form  a 
regulating  re.ser\'oir  for  the  development  of  power.  The  dam  is  of  gravity 
tyfKJ,  with  all  lines  of  pressure  well  within  the  middle  third,  the  main  portion 
of  which  i.s  ctirvcd  on  an  arc  of  .short  radias,  best  fitting  the  bedrock, 
with  tari^ontial  cxteriHions  into  the  l>anks  at  either  end.  Five  hundred 
feet  }^lr>w  the  dam  the  river  plunges  over  a  vertical  fall  of  200  feet  over  a 
hard  ledge  of  granite,  in  a  gorge  filled  with  rank  tropical  foliage,  forming 
a  scene  of  great  }>eauty  and  grancleur. 

The  dam  creates  an  enormous  reservoir,  16  miles  long,  with  many 
tortuous  windings  and  arms,  giving  a  total  capacity  of  7,780,000,000  cubic 
feet,  or  178,000  acre-feet. 
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The  writer  examined  and  reported  upon  the  site  before  the  plans  were 
definitely  decided  upon,  at  which  time  the  quantity  of  masoary  required 
was  estimated  at  about  63,000  cubic  yards. 

From  the  dam  to  the  power  house  a  total  faU  of  1030  feet  is  utilized 
for  the  development  of  over  50,000  H,  P.  in  the  primary  irstallalion, 
transmitted  to  Rio  de  Janeiro  at  80,000  volts. 

The  works  have  l^een  designed  and  built  by  Mr.  Chas.  H*  Kearney, 
chief  engineer,  under  direction  of  F.  S.  Pearson ,  M.  Am.  Soc.  C,  E.,  aa 
consulting  engineer,  and  vice-president  of  the  company. 

Paraahyba  Dam,  Brazil.— I  u  1900  the  Sao  Paulo  Tramway,  Light  and 
Power  Co.  built  a  masonry  dam  across  the  TietiS  river,  22  mUes  below  the 
city  of  Sao  Paulo,  near  the  village  of  Parnahyba,  for  the  development  of 
power.  The  dam  is  850  feet  long  on  the  crest,  straight  m  plan,  37  feet  in 
height,  with  a  base  width  of  30  feet*  A  roUway  section  for  overflow  is 
located  in  the  central  portion  of  the  dam,  325  feet  in  length,  the  end  sections 
being  5  feet  higher.  The  dam  rests  throughout  on  solid  granite,  and  is 
formed  of  rough  rubble  masonry,  with  cut-stone  facings  on  the  down-stream 
portioa  of  the  roUway  and  crest. 

The  water  from  the  dam  is  conveyed  to  a  small  penstock  reservoir, 
200  feet  from  the  power-house,  through  two  f-inch  steel  feeder  pipes,  12  feet 
diameter,  2223  feet  long,  resting  on  steel  saddles,  placed  10  feet  apart,  on 
masonry  piers.  The  secondary  dam  is  constructed  of  concrete,  resting 
on  rock,  is  about  45  feet  high,  255  feet  long,  24  feet  thick  at  the  base* 
with  a  batter  of  35%  on  the  down-stream  side.  The  crest  width  is  about 
8  feet  at  a  height  of  about  10  feet  above  the  water  line. 

The  constructing  engineer  was  Mr,  Hugh  L.  Cooper,  with  F.  £•  Pearson, 
Dr.  Sc,  M*  Am*  Soc*  C.  E.,  acting  as  consulting  engineer, 

Keservoirs  in  Peru. 

The  only  storage  reservoir  dams  of  importance  in  Peru  are  situated  on 
the  headwaters  of  the  Santa  Eulalia  river,  the  main  tributary  of  the  Rimac 
river,  and  ai-e  probably  the  highest  in  altitude  of  any  dams  in  the  world, 
as  well  as  poi^essing  many  other  unique  coiiditons. 

In  the  years  1874-75  the  Peruvian  Government  undertook  the  work  of 
developing  a  water  supply  for  irrigation  in  the  Rimac  valley  by  the  build- 
ing of  masonry  dams  and  outlet  cuts  in  a  group  of  lakes  known  as  the 
**  Lagunas  Huarochiri/'  situated  at  elevations  of  14,000  to  lOtOOO  feet  above 
sea  level  in  the  Andes  mountains  at  the  head  of  the  Rimac  river.  There 
are  some  65  or  70  of  these  lakes,  nine  of  which  were  ciinverted  into  storage 
reservoirs,  having  an  aggregate  capacity  of  37,212  acie-feet,  although  the 
maximum  quantity  ever  stored  since    they  were  put  in  service  has  been 
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but  28,100  acre-feet.  The  lukes  fire  about  80  miles  away  from  the  land 
irrigated;  the  loss  by  evaporation  and  seepage  in  tran&ilby  the  natural 
stream  channels  in  this  distance  is  estimated  at  60%,  and  the  net  results 
Bccomplished  by  the  water  of  these  reservoirs  k  stated  to  be  the  reclamation 
of  only  1940  acres,  at  an  average  cost  of  $506.70  per  acre!  The  works 
are  neverthelesi  of  an  interesting  and  instructive  character,  and  the  writer 
is  indebted  to  iMr.  W.  T,  Turner,  chief  of  the  Hydrographic  Commission, 
Department  of  Lima,  for  the  accompanying  photographs,  illustrating 
their  construction  and  the  data  concerning  them,  from  which  the  following 
description  has  been  compiled* 

Lake  Carpa  Dam.— Lake  Carpa  in  situated  near  the  head  of  the  Hnasca 
river,  a  small  tributary  of  the  Santa  Eulaliaj  having  a  limited  drainage 


Fig,  277,— Carpa  Dam,  Perit,  eeowmQ  Ttfical  OttTtET  Cvr,  Fiuxd  with  Steei* 
Bulkhead,  GLAcmB  in  Background. 

area  and  principally  fed  by  the  melting  of  a  glacier.  A  cut  through  gravel 
and  solid  rock,  about  two  meters  wide,  was  first  made  to  a  depth  of  1L7 
meters  (38.4  feet)  to  drain  the  lake,  and  a  masonry  dam  was  built  about 
the  top  of  the  cut  to  a  total  height  of  4.30  meters  (14,1  feet)  making  a  total 
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depth  of  resen^oir  of  16  meters  {53»5  feet)*  The  dam  is  vertical  on  the  up- 
stream face  J  has  a  crest  width  of  L5  meters,  and  is  vertical  on  the  lower 
face  for  a  depth  of  two  meters  below  the  top,  thence  slopes  0.5:1  to  the 
bottom.  The  length  of  the  dam  on  the  crest  is  58  meters  (190  feet)  and  it 
is  curved  with  a  radius  of  60  meters.  It  contains  a  total  of  907  cubic  meters 
(1190  cubic  yards)  of  masonry,  the  contract  cost  of  which  was  $65.00  per 
cubic  meter-  Excavation  in  rock,  2978  cubic  meters  at  S20.00  per  cubic 
meter,  and  in  gravel  1B57  cubic  meters  at  $12.00  per  cubic  meter^  brought 
up  the  total  cost  of  the  w^ork,  exclusive  of  gates,  to  $140300,  The  storage 
capacity  when  filled  is  16,921  acre-feet,  but  as  the  lake  has  never  filled 
above  the  foot  of  the  masonry  in  this  dam,  the  maximum  storage  has  been 
but  10,190  acre-feet. 

Fig,  277  shows  the  dam  from  the  dowTi-streara  side  and  the  outlet 
cut  from  near  the  bottom  to  the  top  of  the  masonry,  which  is  divided  by 
the  cut  in  two  halves,  the  space  being  filled  with  a  bulkhead  composed 
of  I-beams  and  steel  plates.  Water  as  released  at  the  bottom  of  the  cut 
through  gates  in  the  bulkhead  that  are  raised  by  screw-stems  reaching 
to  the  top. 

Lake  Qiiisba  Cam. — About  a  mile  above  lake  Carpa  reser\*oir  and  300 
feet  higher  in  elevation,  is  lake  Quisha  which  has  been  converted  into  a 
Etorage  reservoir  by  a  dam  quite  similar  in  construction  to  the  %¥orks  at 
lake  Carpa.  The  cut  to  drain  the  lake  is  10,6  metei*s  deep  and  the  dam 
6  meters  high,  a  total  of  16,6  meters  (54,5  feet).  The  dam  has  the  same 
section  as  the  Carpa  dam  with  a  crest  length  of  48  meters  and  a  volume 
of  887  cubic  meters  of  masonry.  It  is  also  cur\^ed  up-stream,  with  a  radius 
of  66  meters.  The  water-shed  tributary  to  the  lake  is  but  3  square  miles, 
and  the  annual  run-off  is  so  much  less  than  the  reservoir  capacity  that  the 
water  has  never  reached  within  5  meters  of  the  top  of  the  dam.  The  capaci- 
ty of  the  lake  is  8035  acre-feet^  while  the  maximum  amount  stored  has 
been  5654  aci^-feet.  As  this  dam  is  on  the  same  water-shed  as  the  Carpa 
dam,  and  the  total  annual  runn^ff  of  the  tributaries  of  both  is  less  than 
the  capacity  of  Carpa  lake  reservoir,  it  is  evident  that  the  Quisha  dam 
was  not  requked,  and  its  cost — over  $125,000 — was  a  useless  expenditure. 
The  elevation  of  the  lake  is  15,400  feet  above  sea  level.  Fig.  278  shows 
the  entire  dam  and  a  portion  of  the  lake.  Incidentally  it  conveys  an 
idea  of  the  scenic  grandeur  with  which  the  lake  is  surrounded. 

The  Sac^  Dam. — Sacsa  lake  is  1000  feet  lower  in  elevation  than 
Quisha  lake,  and  is  located  near  the  head  of  the  Sacsa  rivers  but,  unlike 
the  two  reservoirs  just  described,  has  a  water  supply  greatly  in  excess  of 
its  capacity,  w^hich  is  but  4172  acre-feet.  The  outlet  cut  w*as  made  to 
a  depth  of  5  meters,  and  gates  were  erected  with  the  evident  purpose  of 
building  a  dam  7.5  meters  in  height  above  the  bottom  of  the  cut.  This 
dam,  however,  was  never  completed,  although  it  would  have  added  50% 
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to  the  storage  capacity  of  the  lake.  The  excavation  of  the  cut  required 
the  removal  of  nearly  18,000  cubic  meters  of  clay,  gravel  and  rock,  the 
cost  of  whirh,  with  the  173  cubic  meters  of  masonry  around  the  gatea^ 
and  including  the  latter,  was  over  t250,000.    The  photograph  (Fig*  279) 


Fio.  280.^ — Hfasca  Dam,  Peru,  Illusthatino  Type  or  Iron  Bolsbeads  ^sed  in 
Outlet  Cuts  of  all  Nine  Lajees  used  as  HESERVOiHfi. 

clearly  shows  the  typical  plan  of  outlet  gates  used  on  all  the  reservoirs. 
The  other  six  reservoirs,  Huasca,  Bucro,  Mischa,  Huachua,  Manca,  and 
P*^hua,  are  natural  lakes,  converted  to  use  by  merely  making  outlet  cuts 
and  erecting  controlling  gates.  Fig.  280  is  typical  of  all  of  these,  and  shows 
the  iron  work  of  the  bulkhead  in  the  cut,  in  which  the  gates  are  placed 
at  Huasca  lake  reservoir — the  largest  of  the  six,  having  a  capacity  of  4228 
acre*feet.  The  total  expenditure  on  these  works  by  the  Government 
was  $983,000,  The  enormous  unit  prices  paid  for  the  works  is  suggestive 
of  official  graft  on  an  extensive  scale. 

The  coastal  plain  of  Peru,  extending  from  30  to  50  miles  inland,  is 
extremely  arid,  and  rain  falls  at  rare  intervals  of  many  years.     The  valleys 
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investigation  which  is  being  conducted  by  the  Hydrographic  Commissioii 
under  Mr-  Turner,  a  remarkable  dum  site  has  been  surveyed  which  13 
without  parallel  It  is  located  on  the  Santa  Eulnlia  river,  20  miles  above 
Chosica,  For  400  feet  in  height  above  the  stream  bed,  this  wonderful 
canyon  is  nowhere  more  than  35  feet  in  width  and  presents  a  most  tempt- 
ing opportunity  for  daring  hydraulic  engineering  in  the  erection  of  a  dam 


Fig.  282 — RBSEHVom  Site  above  PHoi'oftBD  Auti=?ha  DaM,  Pebu. 

of  unprecedented  height.  Fig.  281  is  a  view  of  this  phenomenal  canyon, 
and  Fig.  282  ia  a  photograph  of  the  reservoir  basin  above  the  dani- 
The  opportunity  for  water  power  development  is  also  remarkable  on  these 
rivers,  which  fall  so  very  precipitously  toward  the  west.  One  branch 
of  the  Rimac  river  falls  7300  feet  in  a  distance  of  35  miles,  with  a  minimum 
flow  of  250  sec-feet,  capable  of  developing  200,000  H*  P.  This  is  a  fair 
lEustration  of  nearly  all  the  rivers  of  Peru  flowing  into  the  Pacific  Ocean- 


CHAPTER  IV. 

EARTHEX    DAMS. 

The  earliest  construction"*  for  water-storage  of  which  there  is  historical 
record  have  been  earthen  dams  erected  to  impound  the  water  for  irrigation. 
India  and  Ceylon  afford  examples  of  the  industry  of  their  inhabitants  in 
the  creation  of  r»torage-reservoirs  in  the  earliest  ages  of  civilization,  which 
for  nnmber  and  size  are  almost  inconceivable.  Excepting  the  exaggerated 
dimensions  of  I^ke  Mr>eriri  in  central  Eg>pt,  and  the  mysterious  basin  of 
"Al  Aram,"  the  bursting  of  whose  embankment  devastated  the  Arabian 
city  of  Mareb,  no  similar  constructions  formed  by  any  race,  whether  ancient 
or  modem,  exceed  in  colossal  magnitude  the  stupendous  tanks  of  Ceylon. 
The  reservoir  of  Koh-rud  at  Ispahan,  Persia,  the  artificial  lake  of  Ajmecr, 
or  the  tank  of  Hyder  in  Mysore,  cannot  be  compared  in  extent  or  grandeur 
with  the  great  Ceylonese  tanks  of  Kalaweva  or  Padavil-colon.  The  first 
Ceylon  tank  of  which  there  l<  historical  record  was  built  by  King  Pandu- 
waafia  in  the  year  504  B.r.  The  tank  of  Kalaweva  was  constructed  a.d.  459,. 
and  was  not  less  than  40  miles  in  circumference.  The  dam  or  embank- 
ment of  earth  which  formed  it  was  more  than  12  miles  in  length,  and  the 
spillway  of  stone  i-^  d^rcribed  by  \h(-  historian  Tennent  as  "one  of  the 
most  stupendous  monnm^-nt-  of  misapf>lied  human  labor  on  the  island.''' 
The  sam«-  author  d<--rribe«  tlir*  tank  of  Padavil  as  follows: 

''The  tank  itsflf  is  ihc  ba-in  of  a  broad  and  shallow  valley,  formed 
by  two  lines  of  low  hills,  which  ^n-adiially  sink  into  the  plain  as  they 
approach  the  sea.  The  extreme  breadth  of  the  enclosed  space  may  be  12 
or  14  miles,  narrowing  to  11  at  the  spot  where  the  retaining  bund  has 
been  constructed  across  the  valley.  .  .  .  The  dam  is  a  prodigious  work,  11 
miles  in  length,  30  feet  broad  at  the  top,  and  about  200  feet  at  the  base, 
upwards  of  70  ffct  high,  and  faced  throughout  its  whole  extent  by  layers 
of  squared  stone.  .  .  .  The  existing  sluice  is  remarkable  for  the  ingenuity 
and  excellence  of  its  workmanship.  Tt  is  built  of  hewn  stones  varying  from 
6  to  12  feet  in  length,  and  still  exhibiting  a  sharp  edge  and  every  mark 
of  the  chisel.  These  rise  into  a  ponderous  wall  immediately  above  the  venta 
which  regulated  the  escape  of  the  water;  and  each  layer  of  the  work  is 
kept  in  its  place  by  the  frequent  insertion,  endwise,  of  long  plinths  of 
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stone,  whose  extremities  project  beyond  the  syrfacej  with  a  flange  to  key 
the  several  courses  and  prevent  them  from  being  forced  out  of  their  places. 
The  ends  of  the  retaining-atoncs  are  carved  with  elephants'  heads  and 
other  devices^  like  the  extremities  of  Gothic  corbels;  and  numbers  of 
similarly  eculptured  blocks  are  lying  about  in  every  direction*  ,  .  .  On 
top  of  the  great  embankment  itself,  and  close  by  the  breach,  there  stands  a 
tall  sculptured  stone  with  two  engraved  compartments,  the  possible  record 
of  its  history,  but  the  characters  were  in  some  language  no  longer  under- 
etoad  by  the  people.  The  command  of  labor  must  have  been  extraordinary 
at  the  time  when  such  a  construction  was  successfully  carried  out,  and  the 
population  enormous  to  whose  iise  it  was  adapted.  The  number  of  cubic 
yards  in  the  bund  is  upwards  of  17,000,000,  and  at  the  ordinary  value  of 
labor  in  this  country  [England]  it  must  have  cost  £1,300,000,  without 
including  the  stone  facing  on  the  inner  side  of  the  bank.  The  same  sum 
of  money  that  would  be  absorbed  in  making  the  embankment  of  Padavil 
would  be  sufficient  to  form  an  English  railway  120  miles  long,  and  its 
completion  would  occupy  10,000  men  for  more  than  five  years.  Be  it 
rememberedj  too,  that  in  addition  to  30  of  these  immense  reservoirs  in 
Ceylon,  there  are  from  500  to  700  smaller  tanks  in  ruins,  but  many  still 
in  serviceable  order,  and  all  susceptible  of  effectual  restoration,  .  .  .  None 
of  the  great  reservoirs  of  Ceylon  have  attracted  so  much  attention  as  the 
stupendous  work  of  the  Giants'  Tank  (Kattncarr^),  The  retaining-bund 
of  the  reservoir,  which  is  300  feet  broad  at  the  base,  can  be  traced  for  more 
than  15  miles,  and,  as  the  country  is  level,  the  area  which  its  waters  were 
intended  to  cover  would  have  been  nearly  equal  to  that  of  Lake  Geneva, 
Switzerland  (22^  square  miles).  At  the  present  day  the  bed  of  the  tank 
is  the  site  of  ten  populous  villages,  and  of  eight  which  are  now  deserted,^' 

It  was  but  recently  discovered  that  the  reason  why  the  great  reservoir 
was  never  utilized  after  having  been  built  at  such  enormous  expense,  was 
an  error  in  the  original  levels  by  which  the  canal  from  the  Mai  watte  River,, 
that  was  intended  to  feed  the  reservoir,  ran  up-hill, 

Capt.  R,  Baird  Smith,  in  his  work  on  "  Irrigation  in  the  Madras 
Provinces^*^  says; 

"  The  extent  to  which  tank  irrigation  has  been  developed  in  the  Madras 
Presidency  is  extraordinary.  An  imperfect  record  of  the  number  of  tanks 
in  fourteen  districts  shows  tbem  to  amount  to  no  less  than  43,000  in  repair 
and  10,000  out  of  repair,  or  53,000  in  all.  It  would  he  a  moderate  esti- 
mate to  fix  the  length  of  embankment  for  each  at  half  a  mile,  and  the 
number  of  masonry  works  in  sluices,  waste- weirs,  etc.,  would  probably  not 
be  overrated  at  an  average  of  six.  These  data,  only  assumed  to  give  some 
definite  idea  of  the  system,  woukl  give  close  upon  30,000  miles  of  embank- 
ments (sufficient  to  put  a  girdle  round  the  globe  not  less  than  6  feet  thick) 
and  300j000  separate  masonry  works.     The  whole  of  this  gigantic  ma- 
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chiaerT  is  of  purely  native  origin,  not  one  new  tank  having  been  made 
by  the  English.  The  revenue  from  existing  works  is  roughly  estimated 
at  £1,500,000  gterling  \tQT  annum,  and  the  capital  sunk  at  £15,000,000."* 

The  same  author  described  the  Ponmiry  tank  of  Trichinopoly,  now  ant 
of  repair^  ag  having  an  embankment  30  miles  in  length,  and  an  area  of 
GO  or  80  square  mile*.  The  Veermnum  tank  is  verT  ancient,  though  etili 
in  service  and  yielding  a  revenue  of  $5T,S00  per  annum.  It  has  an  em- 
bankment r3  miles  long,  and  covers  35  square  miles  of  area. 

The  Chumbrumbaukum  tank  has  an  embankment  19/300  feet  in  length, 
and  forms  a  reservoir  of  5730  acres,  with  a  capacity  of  i>3,780  acre-feeL 
The  dam  is  16  to  28  feet  high.  The  water  from  the  reservoir  yielded  an 
annual  revenue  to  the  government  of  $25,000  in  1853, 

The  Cauverypauk  tank,  in  use  from  four  hundred  to  five  hundred  years* 
has  an  embankment  3}  miles  long,  revetted  with  a  stone  wall  ti  feet  thick 
at  bottom,  3  feet  at  top,  and  Vl  feet  high,  rising  to  within  5  or  6  feet  of  the 
top  of  the  bank,  which  is  uniformly  9  feet  high  above  high- water  mark. 
The  embankment  is  nowhere  less  than  1^  feet  wide  on  top,  with  a  front 
slope  of  2J  to  1^  and  a  rear  slope  of  1 J  to  L  The  whole  outer  surface  is 
carefully  turfed  and  planted  with  grass.  Water  is  distributed  from  nine 
mason rv'  sluices. 

Mr,  H.  ir.  Wilson,  in  his  work  on  "  Irrigation  in  India,"  describes  the 
abandoned  tank  of  Mudduk  Masur  as  having  been  built  over  four  hundred 
years  ago,  when  its  capacity  must  have  been  8*0,000  acre*feet  of  waler. 
The  restraining-dams  were  three  in  number;  the  main  central  dam,  which 
is  91  to  108  feet  high,  an^  having  a  base  of  945  to  1100  feet,  is  still  intact, 
and  the  whole  reservoir  is  capable  of  easy  restoration.  The  lack  of  a  f^piU- 
way  caused  the  destruction  of  the  tank  by  live  overtopping  of  one  of  the 
minor  embankments.  Mr.  Wilson  states  that  in  the  Mysore  district  of 
southern  India  there  arc  37,000  tanks,  aside  from  the  53,000  enumerated 
in  the  Madras  Presidency  by  Capt,  R,  Baird  Smith,  In  the  Mairwara 
District  2065  tanks  have  been  built  under  English  rule  since  the  date  of 
Capt,  Smith's  work^  before  quoted — 1854. 

Of  the  modem  earthen  dams  built  by  English  engineers  in  the  employ 
of  the  Indian  Government,  two  of  the  most  interesting  were  recently  con- 
structed in  the  Bombay  Presidency,  the  Ekruk  tank  near  Sholapur,  and 
the  Ashti  tank,  on  the  Ashti  river. 

The  Ekruk  Tank  (Fig.  283)  impounds  76,500  acre-feet,  and  has  a  dam 
whoie  maximum  height  is  75.6  feet.  The  total  length  is  6940  feet,  which 
included  2730  feet  of  masonry,  of  which  1400  feet  is  at  the  northern  end 
and  1330  feet  at  the  southern  end.  The  cost  of  the  dam  was  $666,000. 
The  loss  of  water  by  evaporation  during  eight  months  is  7  feet  in  depth 
and  amoimts  to  12,500  acre-feet,  or  16%  of  the  entire  capacity. 

The  Ashti  Tank  (Fig.  284)  is  formed  by  an  earth  dam  12,709  feet  long. 
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58  feet  IE  maximum  height,  having  elopes  of  3 : 1  inside  and  2 :  1  outside- 
The  crest  of  the  dam  is  It  feet  above  high -water  mark,  and  has  a  width 
of  6  feet*  The  interior  slope  is  paved  with  stone.  The  storage  capacity 
of  the  reservoir  is  35,700  acre-feet,  of  which  9200  acre-feot,  or  26%,  is 
lost  by  evaporation.  The  reservoir  has  a  surface  area  of  2870  acres.  The 
following  description  of  l!ie  construction  of  the  dam  is  condensed  from 
Mr.  H,  M.  Wilson's  ''  Irrigation  in  India ''; 

The  site  of  the  dam  was  cleared  of  vegetation  and  top  soil,  so  that 
the  entire  structure  rests  upon  a  sound  and  firm  foundation.  There  is  no 
puddle-wall  proper,  but  a  puddle-trench^  10  feet  wide,  was  excavated  down 
to  a  compact,  impervious  bed,  the  entire  length  of  the  dam,  and  was  filled 
to  one  foot  above  the  natural  ground  surface*  This  filling  was  composed 
of  two  parts  sand  and  three  parts  black  soil.  The  central  third  of  the 
dam  is  built  up  of  selected  material  of  black  soil,  extending,  as  shown  in 
the  accompanying  section,  in  a  triangular  section,  60  feet  wide  at  the  base, 
to  the  crest  of  the  dam.  Outside  of  this  central  section  are  two  triangular 
sections  of  brown  soil,  faced  with  1  to  15  feet  of  puddle  of  sand  and  black 
soiL  On  the  inside  a  stone  paving  6  inches  thick  is  laid  over  the  slope  to 
resist  wave-action*  Across  the  river*bed  a  trench  5  feet  wide  was  excavated 
along  the  entire  length  of  tlie  flam  and  extending  100  feet  into  the  banks. 
On  each  side  this  trench  was  filled  with  concrete  and  connected  with  the 
puddle-trench.  The  puddle*trench  was  cur\*ed  around  the  concrete  wall 
and  continued  across  the  river  at  a  distance  of  20  feet  from  the  concrete 
wall  on  the  up-stream  side*  This  work  having  been  finished  in  dry  weather, 
the  sand  of  the  river-bed  was  sluiced  out  of  the  way  by  confining  the 
stream  and  directing  it  into  narrow  channels  by  loose  rock  spur-walls  and 
piers. 

The  cross-section  of  the  Ashti  dam  is  considered  amply  strong,  yet  a 
more  liberal  section  is  believed  to  be  advisable,  especially  in  the  matter 
of  top  width. 

The  wastewfly  of  the  Ashti  reservoir  consists  of  a  channel  800  feet 
wide,  cut  through  the  ridge  rock*  the  crest  of  which  is  level  for  600  feet 
in  length;  thence  the  stream  falls  with  a  slope  of  1%  into  a  side  channel. 
Its  discharging  capacity  is  48,000  second-feet,  causing  the  water  to  rise 
7  feet  above  its  sill,  or  to  within  5  feet  of  the  top  of  the  dnm. 

In  1883  a  serious  slip  occurred  in  the  Ashti  rlam,  ransing  a  total  settle- 
ment of  16  feet  at  the  crest  of  the  emhnnkmeut,  and  eansing  the  ground 
at  the  top  of  the  dam  to  bulge  upwards.  The  cause  of  this  slip  was 
attributed  to  the  fact  that  for  a  considerable  portion  of  the  length  of  the 
dam  it  is  founded  on  a  clay  soil  containing  nodules  of  impure  Time  and 
alkali,  which  render  it  semi-fluid  when  soaked  with  water.  The  slip 
occurred  during  or  after  excessive  rains.  It  was  corrected  by  digginpf 
drainage-trenches  at  the  rear  toe,  which  were  filled  with  bowlders  and 
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Itoken  ctone,  and  bj  the  addition  of  heavy  berms  or  coimterf oria  of  earth, 
br  700  or  800  feet  of  its  length,  to  wei^t  the  toe. 

Similar  sllp«  occurred  in  the  Ekmk  dam,  due  to  similar  causes.  These 
occurrences  point  to  the  ralue  of  thorough  drainage  to  the  outer  toe  of  all 
earthen  dam^.  and  the  desirabilitj  of  the  adoption  of  that  form  of  ccHnluna- 
lion  of  rock-flll  and  earth  used  so  successfullj  in  the  Pecos  dams,  whererer 
rock  can  be  obtained  for  the  outer  portion  of  such  embankmentsw 

▼alkjo  Sam,  Califonia. — Wherever  earthen  dams  are  constructed 
partiallj  upon  exposed  bed-rock  foundations,  it  is  essential  to  proride  free 
drainage  to  the  water  which  seeks  to  follow  along  the  bed-rock.  An  inter- 
esting application  of  this  principle  was  made  in  the  construction  of  a  dam 
erected  a  few  years  since  for  the  water-supply  of  Vallejo,  California. 
The  dam  was  built  for  storage  purposes  and  formed  a  reserroir  of  160  acres, 
3  miles  from  the  city.  The  bed-rock  was  expose!  in  the  channel,  and 
formed  a  low  fall  about  the  center  line  of  the  dam.  Just  above  this  fall 
a  concrete  wall  was  built  upon  the  beii-rock  some  6  feet  high,  with  a 
drainage-pipe  extending  out  to  the  lower  toe  of  the  embankment.  A 
quantity  of  broken  stone  was  placed  above  this  wall,  which  formed  a 
collecting-basin  for  any  seepage  that  might  pass  through  the  embankment 
or  that  might  creep  along  bed-rock,  and  the  dam  was  then  built  over  the 
wall  in  the  ordinary  way.  This  provision  effectually  prevents  the  satura- 
tion of  the  outer  slope  and  keeps  the  dam  well  drained.  The  dam  waa 
planned  and  built  by  Hubert  Vischer,  C.E.,  with  Mr.  C.  E.  Grunsky 
acting  as  Consulting  Engineer. 

Earthen  dams  are  usually  constructed  in  one  of  the  following  ways: 

(1)  A  homogeneous  embankment  of  earth,  in  which  all  of  the  material 
is  alike  throu^h^ut: 

("2)  An  enibankr.>-r.t  :r.  wh:.;h  th^-ro  :^  a  •vnTni*  o-^re  of  puddle  eon- 
{•i-ting  eithr-r  '■•f  -r^-i-ia'.lv  i*-!^.::,..]  iMtTim:  n-.atTrial-  f«-»un»l  on  the  site, 
or  of  a  cnn«r»-r»-  ^-i  <  l;j'.'.  -an'!.  avA  irrav^rl.  nux'-l  tM;^eth».T  in  a  puji-mill 
and  ramm^'d  or  T'-k.^A  ir.'-*  :"•♦»- :ti'»n: 

(3)  An  »'mr.Mr:kni»-n'  \Tv  \\\vA\  th^>  o.-ntral  •■'-•r-i'  i.-  a  wall  of  masonry  or 
conrretf : 

(4)  .\n  fmbankm»-nt  having  puddle  or  .^eU'Oted,  material  placed  upon  its 
water- face: 

{'})  An  ^mhankment  rif  i-arrh  re- tin::  a!zain?t  an  ♦.mbankment  of  loose 
rock: 

{(\)  An  emhankmf-nt  of  earth,  ^and.  and  sravel,  -luioed  into  position  by 
flowing  water — a  form  of  construction  dt-scribed  in  the  chapter  on  Hy- 
draulic-fill Dams.  Earthen  dams  have  also  heen  built  with  a  facing  of 
plank,  made  water-tigrht  by  preparations  of  asphaltum  or  tar.  The  choice 
of  these  various  available  plans  is  dependent  upon  local  conditions  at  the 
Bite  of  the  dam  to  be  built,  the  materials  available,  and  the  predilection  or 
education  of  the  engineer  planning  the  structure. 
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European  engineers,  judging  from  their  works^  lean  toward  the  central 
puddle-core^  and  the  greater  number  of  the  earth  dams  of  the  British 
Empire  are  constriicted  on  this  plan,  American  engineers  appear  to  prefer 
the  masonry  core- wall,  or  the  puddle  facing  on  the  inner  slope  of  the 
embankment  to  the  central  puddle-eore,  as  a  means  of  cutting  off  per- 
colation through  the  dam  and  thus  securing  water-tightness. 

The  natural  slope  of  dry  earth  placed  in  embankment  is  about  1^  to  1, 
but  in  practice  it  is  customary  to  increase  this  to  %  to  1  on  the  exterior, 
and  to  3  to  1  on  the  interior  slopes.  The  necessary  height  of  the  em- 
bankment above  the  high-w^ater  mark  depends  to  some  extent  upon  the 
length  and  size  of  the  reservoir,  and  the  *'  reach  "of  the  waves  generated 
by  winds,  as  well  as  upon  the  width  of  the  spillway  and  the  height  to  which 
water  must  rise  in  the  resen'oir  during  maximum  floods  to  find  full  dis- 
charge through  the  spillway.  Ample  spillway  capacity  is  of  primary  im- 
portance to  the  security  of  any  earthen  dam,  unless  it  be  one  whose  reser- 
voir is  filled  by  a  canal  or  other  controllable  conduit  from  an  adjacent 
stream.  A  lack  of  sufficient  spillway  is  the  cause  of  tbe  greater  number 
of  the  failures  of  earthen  dams  that  have  occurred,  of  which  the  most 
memorable  case  was  that  of  the  Johnstown  dam,  whose  rupture  caused  the 
loss  of  two  thousand  lives  and  the  destruction  of  many  millions  of  dollars' 
worth  of  property.  Had  the  spillway  been  ot  ample  dimensions,  this  dam 
would  have  resisted  any  pressure  that  could  have  been  hmught  to  hear 
upon  it  and  the  disaster  would,  in  all  probability,  never  have  occurred. 

A  common  source  of  failure  is  in  the  doubtful  practice  of  building  the 
outlet-pipes  through  the  body  of  the  dam.  These  should  either  he  laid  in 
a  tunnel  at  one  side,  or  in  a  deep  trench  cut  into  the  bed-rock  or  the 
solid  impervious  base  of  the  dam,  and  the  pipes  eurronnded  by  concrete, 
filling  the  entire  trench/ 

In  building  earth  dams  of  any  type  it  ib  essential  that  the  earth  should 
be  moist  in  order  to  pack  solidly,  tna  if  not  naturally  moist  it  must  be 
sprinkled  slightly  until  it  acquires  the  proper  consistency.  An  excess  of 
moisture  is  detrimentaL  It  should  he  placed  in  thin  layers,  and  thor- 
oughly rolled  or  tamped,  and  the  surface  of  each  laver  should  he  rough- 
ened by  harrowing  or  plowing  before  the  next  layer  is  applied.  Droves  of 
cattle,  sheep,  or  goats  are  often  used  with  success  m  tamping^machines  for 
earth  embankments.  They  are  led  or  driven  across  the  fresh  made  ground, 
and  the  innumerable  blows  of  their  sharp  hoofs  pack  the  soil  very  thor- 
ouerhlv. 

The  Cuyamaca  Dam.— One  of  the  first  earthen  dams  built  in  California 
for  irrigation  storage  was  the  Cuyamaca  reservoir-dam,  erected  in  IftSff 
by  the  San  Die^o  Flume  Company.  It  is  located  in  a  summit  vaTleT 
between Jwo  of  the  Cuvamaca  peaks,  some  50  miles  east  of  S?an  Diego,  at 

Th^  '^am  is  635  feet  long  on  top,  41,5  feet  high. 


an  elevation  of  4800  feet. 
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irith  inner  slope  of  2  : 1,  and  outer  slope  of  1.5 :  L  The  crest  of  the  dam 
IB  6.5  feet  above  the  floor  of  the  spillwaya,  one  of  which  is  90  feet  and 
the  other  41  feet  in  width. 

Before  work  was  begun  on  the  dam  the  site  was  covered  with  loose 
Tock,  and  it  was  supposed  that  bed-rock  was  near  the  surface.  Hence  the 
j>riginal  plan  was  to  build  a  masonry  dam.  Excavations  were  started  for 
that  purpose,  and  considerable  cement  was  brought  to  the  ground  to 
construct  the  foundations  of  masonry.  It  was  soon  found,  however^  that 
the  loose  rock  was  merely  a  surface  layer  on  top  of  a  bed  of  clay,  and 
the  plan  was  changed  to  a  dam  of  earth  throughout 

The  discharge-sluice  of  the  dam  was  built  through  the  center  of 
the  strueturCj  and  consisted  of  a  masonry  culvert  3 J  feet  wide,  4|  feet 
high,  120  feet  long,  resting  on  a  bed  of  eoncrete  18  inches  thick,  laid 
in  a  trench  of  that  depth  cut  in  the  clay.  This  culvert  has  a  fall  of 
31  feet  in  length.  At  its  upper  end  is  a  circular  brick  tower,  5  feet  in 
diameter  inside,  with  an  opening  at  the  bottom  3  feet  wide,  4^  feet 
higli,  that  is  closed  by  a  ponderou?  wooden  gate,  so  large  and  heavy  as  to  be 
almost  immovable,  A  second  gate,  16  feet  higher,  of  similar  size  and 
iCouBt ruction,  is  provided  to  clo^e  another  opening  into  the  tower.    Th<  ?e 


Flo.  2S5.— VlhW    *>F    CUYAMACA    DaM    AND    OUTMiT  TOWER. 

gates  slide  vertically  in  wooden  grooves.  An  iron  gate  inside  the  tower 
closes  the  head  of  the  culvert. 

The  bond  between  the  earthwork  and  the  culvert  was  imperfect,  and 
considerable  leakage  ensued  after  the  reservoir  first  filled,  but  this  was 
1  f te  rwar d  s  rem  ed  led , 

Fig.  28a  is  a  view  of  the  dam  from  the  side  of  the  reservoir,  showing 
the  tower. 

The  dam  is  reported  to  have  cost  $51,000  as  originally  constructed  to 
vhe  height  of  35  feet.  In  1894  an  addition  of  6,5  feet  was  made  to  the 
height  of  the  dam,  at  a  cost  of  $3400.    Tins  addition  increased  the  capacity 
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reservoir  was  4331  acre-feet,  while  the  mean  anDual  mn-off  was  539*'  acre- 
feet  The  difference  between  these  figures,  or  106(1  aore-feet,  represents 
the  mean  annual  evaporation,  or  19.75  per  cent  of  total  eatelinient. 

After  flowing  down  Bowlder  Creek  and  the  San  Diego  River  \t\  miles, 
dropping  4000  feet  vertically  in  that  distance,  the  water  released  at  the 
dam  is  picked  up  and  diverted  to  the  dume  by  means  of  a  mai^oiiry  weir 
extending  across  the  San  Diego  River,  This  diverting-dam  is  340  feet  long 
on  top,  35  feet  high,  22  feet  thick  at  base,  5  feet  at  the  crest.  To  cut  oiT 
leakage  under  the  dam  a  subwaJl  was  built  on  the  up-stream  side  in  the 
main  channel,  lapping  onto  the  base  of  the  dam  and  extending  down  15 
feet  deeper.  This  wall  is  5  feet  thick  at  bottom.  The  original  wall  had 
been  founded  on  disintegrated  granite-  The  sub  wall  was  bnilt  in  a  trench 
that  cut  deeper  into  the  soft  granite,  but  was  not  entirely  effectual  in 
stopping  the  leakage,    (Fig&  286  and  287.) 
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The  main  flume  is  34,85  miles  in  length,  (>  feet  wide  in  the  clear,  with 
single  sideboards  16  inches  high,  though  the  frame-posts  are  4  feet  high 
and  will  admit  of  adiHtional  sideboards  to  give  a  total  depth  of  4  feet.  If 
completed  as  originally  designed,  the  flume  would  have  a  capacity  of  5000 
miner's  inches  under  4-inch  pressure*  Its  present  maximum  capacity  is 
not  over  900  inches.  The  flume  is  supported  at  places  on  high  trestles. 
one  of  which  la  shown  in  Fi^.  288,  and  there  are  a  number  of  long  and 
costly  tunnels  on  the  ronte.  The  grade  of  the  flume  is  4:75  feet  per  mile. 
It  commands  all  the  irrisrahle  lands  of  El  Cajon  Valley,  Spring  Valley,  and 
the  San  Diego  mesa,  and  supplies  water  to  about  5700  acres,  mostly  culti- 
vated in  orchards  of  citrus  fruits.    The  city  of  San  Diego  has  also  received 
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iti  domestic  supply  from  this  source  during  the  greater  portico  of  ihe  lime 
«iiice  lis  completion,  through  a  154nch  steeKpipe  line  laid  over  the  me^, 
from  the  end  of  the  flume  to  the  citVj  about  10  miles. 

In  the  summer  of  iS9I-B8  the  reservoir  was  quickly  exhausted,  and  it 
became  necessarj^  to  install  an  inde^iendent  system  of  supply  for  the 
orchards  and  the  city  of  San  Diego,  For  the  orchard  supply  this  was 
accomplished  hy  sinking  a  scries  of  boreii  wells  in  the  gravel  bed  of  the 
San  Diego  Kiver,  above  El  Cajon  Vallej,  where  the  Hume  leaves  the 
immediate  valley  of  tlie  river.  Pumping-stations  were  erected,  and  the 
wcHsi*  which  were  placed  at  intervals  of  50  feet  along  a  horiiontal  suetion- 
pipc?  1000  to  1300  feet  in  length,  were  drawn  upon  in  series  simultiineously, 
the  water  being  forced  up  to  the  flume  with  a  lift  of  3i>0  feet.  About  3 
second-feet  (150  inches)  were  thus  obtained,  and  though  the  supply  was 
meager  it  was  suthcient  to  maintain  the  life  of  the  trees  and  keep  them 
in  bearing  with  good  cultivation.  The  city  was  supplied  in  a  siniilar 
manner  by  wclk  sunk  in  the  river-beil  in  Mission  Valley »  from  :?  to  4  milea 
above  the  main  puuiping-plant*  The  water  was  lifted  to  the  surface  at  sev- 
eral points  and  conveyed  to  the  pumiKstation  by  small  flumes.  Over 
3,000,000  gallons  daily  were  thus  obtained.  These  plants  have  had  to  be 
maintained  and  incre^ed  in  capacity*  The  inhabitants  of  southern 
California  have  reason  to  congratulate  themselves  that  Nature  lins 
provided  underground  storage-reservoirs  rapalde  of  being  drawn  upon 
so  liberally  that  the%^  are  able  to  endure  such  an  unprecedented  period 
of  drouth  as  they  are  now  experiencing.  To  obtain  the  supply*  however, 
by  wells  and  pumps  is  generally  far  more  costly  than  water  storecl  in 
surface  reser\'oirs. 

The  Merced  Eeservolr  Dam,  Galiforma. — The  highest  and  longest 
eartht^n  dam  closing  a  reservoir  chietiy  devoted  to  irrigation  in  California 
is  that  which  forms  the  so-called  ''  Yosemite  Reservoir,"  (»  miles  north* 
east  of  the  town  of  Merced,  This  dam  was  constructed  in  18B3-B4  by  the 
Crockcr-HofFman  Land  Company  as  n  part  of  its  general  system  of  irriga* 
tion»  by  which  some  150,000  acres  are  commanded  for  irrigation.  It  has 
a  maximum  height  of  50  feet,  and  is  built  entirely  of  earth  composed  of  a 
sandy  clay  with  inner  slopes  of  3:1  and  outer  slopes  of  2  :  L  From  the 
top  down  for  15  feet  the  interior  is  paved  with  loose  rock,  1*2  inches  thicks 
for  wave-protection.  The  entire  length  of  the  dam  is  2200  feet,  of  which 
1400  feet  is  less  than  10  feet  high.  It  was  built  up  as  a  bomogcneous  hank 
of  earth,  without  a  pnddle-walU  or  without  adding  to  the  natural  moisture 
of  the  8oih  The  earth  was  simply  put  in  place  with  scraper-teams,  tho 
material  being  deposited  with  care  in  thin  layers.  The  top  width  is  20  feet, 
base  290  feet.  The  dam  rests  on  a  very  firm  foundation  of  cemented 
gravel,  into  which  a  wide,  deep  puddle-trench  was  cut  and  carefully  re- 
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FiQ.  289.— Map  sHowuio  Location  of  Merged  Reservoir,  Califobiiu. 
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fBed.  Xndk  of  fbe  materuJ  used  ia  tb*  dun  bid  tQ  be  looagned  by 
Uttting. 

The  reseiroir-^ntlet  eonauta  <»£  ft  BUttomy  conduit;  nude  of  brick  bud 
in  cement  mortar,  placed  in  a  trench  cut  in  the  cemented  graveL  Thia 
eondnit  carriea  the  main,  caat-iron,  deliTerj-pipe,  24  inches  in  diameter, 
and  a  blow-oif  dlnice-pipe.  The  condnit  ia  4  feet  in  diameter  in  the  clear, 
the  brickwork  being  It  inchea  in  thickneaa. 

The  reaerroir,  dam,  and  ontlet-tower  are  shown  in  Fig.  290. 

The  reservoir  covers  600  acres  and  baa  a  capacity  when  full  of  ISgOOO 
aere-feet,  of  which  about  20%  is  annually  lost  by  evaporation.  It  ia  fed 
by  a  canal  27  miles  in  length,  leading  from  a  diversion-weir  placed  in  the 
Merced  Biver  a  short  distance  above  the  town  of  Snelling.  For  the  first  ft 
miles  the  canal  has  a  maximum  capacity  of  1500  second-feet,  which  ia  the 
largest  canal  in  California.  The  total  cost  of  the  canal  system,  with  its 
laterala,  and  the  reservoir  was  about  $1,500,000. 

Tbe  watershed  area  of  the  Merced  River  above  the  head  of  the  canal  ia 
1096  square  miles,  in  which  is  included  the  famous  Yot^emite  Valley.  The 
mean  annual  flow  of  this  stream  as  determined  by  the  California  State 
EngiDeering  Department  for  the  six  years  from  1878  to  1884  was  about 
1000  Beeomd-feet,  the  maximum  being  6510  second-feet  in  the  month  of 
Jmie,  and  the  minimum  65  second-feet  in  the  months  of  November  and 
December*  During  the  three  months  of  May,  June,  and  July,  when  the 
greatest  amount  of  irrigation  is  required,  the  mean  discharge  of  the  river 
in  tbe  period  named  was  about  4000  second-feet. 

Baaaa  Yiata  lake  Beaerroir,  CaUfomia. — ^The  large  storage-tank 
formed  of  Buena  Vi?ta  I^ke,  in  the  southern  end  of  the  San  Joaquin 
Valley,  is  the  Iar^fr«*t  irri^'ation-reservoir  in  the  State,  coverinor  an  area  of 
25,000  acres  to  a  mr^an  df  pth  of  nearly  7  foet.  The  volume  of  water  which 
it  is  capable  of  impounding  above  the  level  of  the  oiitlet-eanal  i>  1TO,000 
acre-feet,  and  in  itj<  ^^eneral  charaeteri^tie?  it  more  nearly  resembles  the 
great  tanks  of  India  than  any  reservoir  in  thi?  eonntry. 

The  reservoir  is  formed  by  a  straight  dike,  or  dam,  5.5  miles  in  len^h, 
following  a  town.^hif)  line  from  the  foot-hills  at  the  base  of  the  mountains, 
due  north.  The  maximum  hei^fht  of  the  dam  is  15  iee\,  tapering  out  to 
nothing  at  either  end.  Its  top  width  is  12  feet,  and  the  slopes  are  4:1 
inside,  3  : 1  outside,  the  o.rp.^i  beinpr  4  feet  higher  than  the  high-water  level 
of  the  reservoir  when  full.  The  erosion  of  this  bank  due  to  wave-action 
rendered  it  neeesjiary  to  riprap  the  face  with  stone  over  a  lon^  section 
from  the  south  end  northward,  where  there  were  no  tules  growing  to  serve 
an  a  breakwater  to  lessen  the  efTcct  of  wave-action,  as  was  the  case  at  the 
north  end.  To  procure  the  material  for  this  riprap  a  narrow-gauge  rail- 
road was  built  for  some  ten  miles  from  a  quarry  at  the  base  of  the  moun- 
tains.   The  cost  of  this  work  was  more  expensive  than  the  construction 
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of  the  embankment  and  brought  the  entire  cost  of  the  dara  and  outlets  up 
to  about  $150,OUO,  Tile  dam  divides  the  reservoir  from  what  was  formerly 
known  as  Kern  lii^ku,  before  ita  bed  was  drained  and  cultivated* 

The  reservoir  now  receives  all  the  surplus  water  of  Kern  River  and  the 
waste  at  the  tail  end  of  all  of  the  Kern  Island  canals  below  Bakers  field* 
The  water  thus  stored  is  only  available  for  use  on  a  belt  of  arable  land 
that  was  formerly  a  swamp,  extending  from  Buena  Vista  Lake  to  Tulare 
Lake*  This  land  before  reclamation  was  periodically  overflowed  when 
the  water  of  the  river  was  not  &o  extensively  absorbed  in  irrigation  m 
the  delta  and  upon  the  adjacent  plains  as  it  has  been  in  recent  years* 
Since  its  reclamation  it  requires  to  be  irrigated,  and  the  reservoired  water 
is  devoted  to  that  purpose. 

The  reservoir  was  first  filled  in  1890^  and  has  been  in  service  ever  since. 
Its  creation  was  the  result  of  the  compromise  of  the  most  extensive  and 
costly  litigation  over  water-rights  that  has  ever  arisen  in  California.  The 
title  of  the  action  was  that  of  Liuc  vs.  Haggin.  It  will  go  down  in  history 
as  the  case  in  which  the  Supreme  Court  of  Californiaj  by  a  majority  of 
one^  first  established  the  English  common -law  doctrine  of  riparian  rights 
as  applicable  to  the  streams  of  the  State.  It  is  believed  that  this  doctrine, 
though  greatly  modified  by  subsequent  decisions,  has  been  a  serious  draw- 
back to  irrigation  development  in  California, 

The  surfaee  of  the  reservoir  is  so  large  as  compared  with  the  volume 
stored  that  the  annual  loss  by  evaporation  is  estimated  at  120,000  acre-feet, 
or  70%  of  the  total  capacity.  This  is  an  enormous  waste  of  water,  which 
might  be  saved  to  a  considerable  extent  by  the  construction  of  storage- 
reservoirs  in  the  mountains,  where  the  ratio  between  surface  area  and 
volume  would  be  very  much  less,  and  the  rate  of  evaporation  snmller.  The 
reservoir  is  generally  filled  from  about  May  1st  to  July  20th,  during  the 
melting  of  the  snows,  after  which  time  to  September  let  the  inflow  is^ 
about  sufficient*  ordinarily*  to  offset  evaporation*  Thus  during  the  five 
hottest  months,  when  nearly  70%  of  the  total  evaporation  of  the  year  takes 
place,  the  loss  is  supplied  by  the  river,  and  by  the  return  waters  of  irriga- 
tion. Therefore,  in  those  seasons  when  the  run-off  is  sufficient  to  supply 
the  demand  of  the  canals  and  yield  a  surplus  great  enough  to  fill  the 
reservoir  hy  September  1st,  in  addition  to  evaporation,  the  net  amount 
available  for  use  from  the  reservoir  would  approximate  125,000  to  135,000 
acre-feet.  Measurements  of  the  river  taken  daily  from  1879  to  1884,  and 
from  1894  to  1897,— ten  years  in  all, — show  a  minimum  yearly  discharge 
of  364,000  acre- feet,  a  maximum  of  l,7fiO,000  acre-feet,  and  a  mean  of 
789,000  acre-feet  of  water  diseharging  into  the  valley  at  the  mouth  of  the 
canyon. 

The  Pilartsitoi  and  San  Andriis  Dama,  California. — The  water-supply 
of  San  Francisco  is  largely  derived  from  the  storage  of  stonn-waters  on 
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the  peninsula  south  of  the  city.  The  San  Mateo  dam,  of  concrete,  described 
in  a  previous  chapter,  supplanted  one  of  the  original  earthen  dams,  that 
known  as  the  Upper  Crystal  Springs;  but  there  are  two  other  notable 
structures  still  in  service,  called  the  Pilarcitos  and  the  San  Andres  dams. 

The  Pilarcitos  dam  is  640  feet  long  on  top,  95  feet  in  height  above  the 
-original  surface  of  the  ground,  and  has  a  top  width  of  24  feet.  The  slopes 
■are  2 : 1  each  side.  A  puddle-wall,  24  feet  thick,  extends  down  40  feet 
below  the  surface,  into  a  trench  cut  in  bed-rock.  The  reservoir  formed  by 
the  dam  has  a  capacity  of  1,180,000,000  gallons  (3622  acre-feet),  and 
gathers  the  run-off  from  a  watershed  of  2510  acres.  The  elevation  of  the 
lake  is  696  feet  above  sea-level. 

The  San  Andres  dam  has  a  top  length  of  850  feet,  a  maximum  height 
of  93  feet  above  the  original  surface,  and  a  top  width  of  24  feet.  The 
inside  slope  is  3.5:1,  while  the  outer  slope  is  3:1.  The  central  puddle- 
wall  reaches  to  bed-rock  through  46  feet  of  earth  and  gravel.  The  dam 
was  originally  built  to  a  height  of  77  feet,  but  in  1875  it  was  raised  16  feet 
by  the  addition  of  the  new  material  upon  the  outer  slope.  The  base  of  the 
new  section  was  135  feet.  As  the  inner  slope  was  projected  to  the  new 
<*reet  of  the  dam  it  became  necessary  to  make  a  horizontal  offset  in  the 
puddle-wail  in  order  to  keep  it  within  the  center  of  the  new  section. 

The  San  Andr^  reservoir  has  a  capacity  of  6,500,000,000  gallons 
(19,950  acre-feet),  and  intercepts  the  drainage  from  2695  acres  of  water- 
shed immediately  tributar}'.  It  is  also  fed  by  a  flume,  17.42  miles  in  length, 
leading  from  Lock's  Creek.  This  flume  gathers  the  water  from  1800 
■acres  of  the  Lock's  Creek  shed,  all  al>ove  505  feet  elevation.  Other  feeders 
to  the  reservoir  gather  the  water  from  Pilarcitos  Creek  below  the  Pilarcitos 
dam,  and  from  a  branch  of  San  Mateo  Creek. 

Tabeaud  Dam,  California. — For  the  purpose  of  creating  a  penstock 
reservoir  at  the  head  of  the  pressure  pipes  of  '.he  Electra  Power-house, 
the  Standard  Electric  Co.,  in  1900-01,  buili  a  high  earthen  dam  across  a 
small  tributary  of  the  South  Fork  of  Jack^son  creek,  S  miles  from  the 
town  of  Jackson,  Amador  Co.,  Cal.  The  reservoir  receives  the  drainage 
from  a  catchment  area  of  but  two  square  miles.  It  is  fed  by  a  long  flume 
from  the  Mokelumne  river.  The  reservoir  area  is  36.75  acres,  with  a 
capacity  above  the  outlet  tunnel  of  1070  acre-feet.  The  crest  of  the  dam 
is  1258  feet  above  sea  level,  the  flow  line  of  the  reservoir  is  S  feet  lower, 
while  the  level  of  the  outlet  tunnel  is  70  feet  below  the  flow  line. 

The  dam  ranks  among  the  highest  earth  dams  of  the  world,  and  has 
the  following  dimensions:  Height  at  center  above  l^edrock  120  feet; 
height  above  lower  toe  123  feet,  height  above  up-stream  toe  100  feet; 
length  on  crest  636  feet,  length  at  bottom  50  to  100  feet;  width  at  base 
620  feet;  width  on  top  20  feet. 

The  side-slopes  of  earth  are  2.5  on  1,  on  both  sides,  with  a  rock-fiU  on 
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the  up-stream  slope,  from  the  base  up  two^thirds  of  the  heighti  laid  on  a 
elope  of  3  on  1,  and  overl3ing  a  heavy  layer  of  clay  puddle. 

The  dam  has  a  total  volume  of  370,350  cubic  yards,  all  of  which  ex- 
cept 40,000  cubic  yards,  was  put  in  by  contract  at  40  cents  per  cubic  yard- 
It  was  all  of  choice  material,  consisting  of  a  red  gravelly  soil,  contaioing 
fibout  70%  clay,  obtained  from  nearby  borrow-pits  within  the  reservoir 
basin  and  near  the  ends  of  the  dara»  It  was  hauled  in  carts  and  four-horse 
dumping  wagons,  loaded  by  scrapers  through  traps,  or  loading  platforms, 
and  spread  in  layers  of  6  to  8  inches,  thoroughly  sprinkled,  and  harrowed 
and  rolled  by  5  and  8  ton  rollers.  The  center  of  the  dam  was  maintained 
lower  than  the  two  sides  by  about  10%  of  the  height  at  all  levels* 

The  dam  was  so  carefully  built  and  so  thoioughly  supervised  that  one 
year  after  its  completion  a  maximum  settlement  of  but  2§  mches  w^as  found 
to  have  occurred,  with  90  feet  of  water  in  the  reservoir.  It  has  shown 
DO  sign  of  leakage. 

The  dam  was  planned  and  built  by  Mr-  Burr  Bassell,  M.  Am.  Soc.  C.  E,, 
eince  deceased,  author  of  a  useful  little  book  entitled  "Earth  Dams." 
On  September  1,1001,  when  the  dam  was  nearing  completion,  the 
author  was  employed  to  make  a  report  upon  lis  construction  and  stability. 
His  findings  were  entirely  favorable.  During  the  course  of  this  investi- 
gation it  was  found  that  the  weight  of  earth  material  taken  from  test  pits 
on  the  dam  was  133  pounck  per  cubic  foot,  showing  that  it  had  been  con* 
densed  and  compacted  40%  from  its  weight  in  a  loose  condition.  The 
dam  has  no  core-wall  or  puddle  core,  but  is  a  homogeneous  earth  structure 
of  such  high-class  material  and  such  superior  workmanship  that,  although 
nearly  the  highest  of  all  earth  dams,  it  is  tight  and  stable  without  these 
features  that  are  usually  regarded  by  the  profession  as  indispensable* 

ChoUas  Heights  Dam,  California, — An  earthen  dam  built  by  the 
Southern  California  Mountain  Water  Co*  in  1901,  four  miles  east  of  San 
Diego  City  reservoir,  at  an  elevation  of  428  feet  on  the  crest,  is  worthy  of 
note  as  the  first  dam  of  that  material  to  be  built  with  a  core- wall  of  steel 
plates,  riveted  together  to  form  a  water-tight  diaphragm  in  the  center. 
The  dam  is  626  feet  long,  56  feet  high,  and  20  feet  wide  on  the  crest,  with 
slopes  of  3  on  1  and  2  on  1,  up-stream  and  down-stream  respectively. 
It  is  an  embankment  of  earth  taken  from  the  reservoir  bottom,  consisting 
of  sand,  clay  and  gravel.  It  was  deposited  in  layers  and  rolled,  after  the 
natiiral  soil  under  the  up-stream  half  had  been  stripped  to  a  depth  of  one 
foot. 

The  steel  diaphragm  is  embedded  at  the  bottom  and  ends  in  a  concrete 
wall,  built  in  a  trench  30  inches  wide,  extending  across  the  valley.  This 
wall  has  a  maximum  height  in  the  center  of  the  valley  of  about  17  feet,  and 
is  stepped  up  the  slopes  to  correspond  with  the  courses  of  steel  plates.  It 
was  made  up  of  1:2;  4  concrete  and  is  carried  up  to  within  13  feet  of  the 
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crest  of  the  dam,  or  8  feet  below  the  flow  line  of  the  reservoir.  The  steel 
diaphragm  reaches  to  the  same  height,  and  consists  of  four  courses  of 
plates,  each  6  feet  high,  20  feet  long,  }  inch  thick.  These  are  riveted 
and  calked  and  coated  with  hot  asphaltum.  A  layer  of  burlap  dipped 
in  hot  asphaltum  was  then  applied  to  both  sides  of  the  plate,  and  the  whole 
surface  treated  to  a  second  coat  of  the  bitumen. 

Water  is  drawn  from  the  reservoir  through  a  24-inch  cast-iron  pipe, 
laid  in  a  trench  excavated  in  the  natural  earth  beneath  one  end  of  the  dam 
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Fig.  291. — Chollas  Heights  Dam,  Caufornia. 


about  38  feet  below  the  top.  The  pipe  is  supported  on  concrete  piers  every 
six  feet,  several  being  extended  as  cut-off  collars.  At  the  head  of  the 
pipe  is  a  circular  tower  of  concrete,  with  gates  at  three  levels  for  admitting 
water  to  the  pipe. 

The  reservoir  is  used  as  a  receiver  at  the  end  of  a  pipe  line  of  wood  stave 
construction,  20  miles  long,  leading  the  water  from  the  Lower  Otay 
reservoir.  Mr.  E.  F.  Tabor,  now  in  charge  of  the  construction  of  the 
Shoshone  dam  for  the  U.  S.  Reclamation  Service,  was  engineer  on  the 
building  of  this  dam,  under  the  direction  of  H.  N.  Savage,  M.  Am.  Soc. 
C.  E.,  acting  as  consulting  engineer. 
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CacMe  la  Foudre  Kesenroir  Dam,  Colorado. — The  Fnioo  Colony  of 
Greeley,  in  northern  Colorado,  is  supplied  with  water  for  irrigation  by  the 

Cache  la  Poudre  Canal,  on  important  adjiin^^t  of  which  is  a  stnratre*resi?r- 
voir  of  5654  aerc-ft?et  capacity,  formed  hy  an  earthen  dam,  38  feet  in 
height.  For  a  long  time  after  the  coostTnction  of  the  canal  it  was  thonght 
nnneccs^sary  to  supplement  its  river-supply  by  a  reservoir.  Later  experi- 
ence showed  that  the  low- water  period  came  on  in  many  years  before  the 
potato-crop  was  made,  and  a  reservoir-site  was  sought  to  store  water  to 
carry  the  farmers  over  this  critical  period.  The  site  selected  was  one 
which  eould  be  filled  by  a  supply-eanal,  ^  miles  long,  diBcharging  into  the 
main  canal  2  miles  below  its  head* 

The  dam  was  made  by  scraper-teams,  of  the  soil  at  the  site,  and  is 
homogeneous  in  eharacter,  without  puddle.  It  was  originally  made  with 
a  uniform  inner  slope  of  more  than  3  to  1,  but  the  action  of  wayes  has 
made  it  quite  irre^ilar.  The  embankment  settled  4  to  5  ^eet  the  first  year 
after  the  water  was  turned  in,  and  liecomes  quite  soft  tbronf^bout  whenever 
the  reservoir  is  filled,  but  this  is  yearly  becoming  less.  The  rock  for  rip- 
rapping  the  face  of  the  dam  was  brought  by  rail  to  the  nearest  point,  and 
hauled  by  wagon  two  miles,  costing  $1,10  per  ton  laid  down.  The  dam  cost 
$81,023  for  construction,  in  addition  to  $28,(343  paid  for  real  estate  and 
rights  of  way — a  total  of  $110,260.  The  year  after  it  was  couap!eted  and 
filled,  the  reservoir  proved  its  value  by  saving  the  crop  of  potatoes  valued 
at  $331j366,  of  which  one-half  is  credited  to  the  reservoir* 

The  feeder-eanal  has  a  capacity  of  150  eecond-feet,  while  the  outlet- 
canal  will  carry  200  second-feet. 

The  outlet-conduit  is  founded  on  tough  clay,  and  has  a  floor  of  wide 
flagstones  laid  on  concrete.  The  conduit  is  5  feet  wide,  and  5  feet  high 
in  center  J  the  side  walb  being  2^  feet  high,  and  a  semicircular  arch  form- 
ing the  roof.  Two  collar-walls  extend  into  the  embankment  t<)  cut  otf 
leakage.  The  gates  are  the  invention  of  Gordon  Land,  a  well-known 
hydraulic  engineer  of  Denver,  and  are  known  as  **  railroad  gates/'  Thej 
are  two  in  number  and  travel  on  a  double  track,  set  at  an  inclination  of 
20°  from  the  vertical,  the  gates  being  provided  with  wheels.  They  go 
down  to  their  seats  by  gravity,  and  are  raised  by  wire  ropes  passing  over 
a  windlass  at  the  top  of  the  embankment 

Colorado  State  Bama.^In  1892  the  State  of  Colorado  by  legislative 
enactment  inaugunitid  n  system  of  storage-reservoirs  for  irrigation,  under 
which  five  dams  were  erected  in  different  parts  of  the  State  by  money 
appropriated  for  the  purpose  by  the  State  legislature.  This  is  a  policy 
larhich  has  not  been  attempted  hy  any  other  of  the  States  of  the  Union, 
so  far  as  the  writer  is  aware,  and  in  this  ease  it  does  not  appear  to  have 
been  successful  or  to  meet  with  popular  favor.    The  dams  are  under  the 
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control  of  the  State  Engineer,  and  water  from  them  is  sold  to  the  irriga- 
tors. 

The  selection  of  the  sites  and  the  expenditure  of  the  money  appear  to 
have  been  controlled  by  politics  rather  than  by  good  engineering.  The 
experiment  cost  the  State  $102,544.88  in  all,  and  the  total  storage  provided 
was  but  2574  acre-feet  in  the  aggregate.  An  account  of  these  works,, 
gleaned  from  the  State  Engineer's  reports,  is  of  interest,  and  is  con- 
densed as  follows: 

The  Monument  Creek  Dam. — This  earthen  dam  is  located  on  Monument 
Creek,  some  15  miles  north  of  Colorado  Springs,  at  an  elevation  of  7000 
feet  above  sea-level.    Its  dimensions  are  the  following: 

Maximum  height 40  feet 

Width  on  top 20   " 

Length  on  top 855    " 

Inner  slope 3:1 

Outer  slope 2:1 

The  water-line  is  7  feet  below  the  crest  of  the  dam.  The  inner  face  of 
the  dam  is  covered  with  a  clay  puddle-wall  laid  on  the  slope,  with  a  hori- 
zontal thickness  of  50  feet  at  the  base  and  10  feet  at  top.  This  puddle  is 
carried  down  to  bed-rock  in  a  trench  14  feet  deep,  at  the  inner  toe  of  the 
dam,  the  minimum  width  of  the  trench  being  5  feet.  Over  the  puddle-wall 
is  laid  a  riprap  wall  of  stone,  placed  with  care  by  hand.  The  outer  half 
of  the  dam  is  composed  of  coarse  gravel,  rock,  and  earth.  These  general 
principles  must  be  regarded  as  unexceptionable  in  earth-dam  construc- 
tion. 

The  reservoir-outlet  is  formed  by  two  16-inch  cast-iron  pipes,  laid  in  a 
trench  excavated  underneath  the  dam,  with  concrete  collars,  12  inches 
wide  and  the  same  thickness,  at  each  of  the  joints.  Between  these  collars 
the  trench  was  filled  with  puddled  clay.  Just  above  the  inner  line  of  the 
crest  of  the  dam  a  gate-tower  is  carried  up  through  the  embankment  from 
the  level  of  the  outlet-pipes.  At  the  bottom  of  this  tower  two  16-inch 
stop-valves  are  placed  in  the  outlet-pipes,  their  stems  reaching  to  the  top 
of  the  dam  inside  the  tower.  The  tower  is  circular  in  form,  4^  feet  inside 
diamoter  for  the  lower  8  feet,  and  3  feet  diameter  for  the  remaining 
height.  It  is  built  of  sandstone,  18  inches  thick,  laid  in  cement.  The 
entire  tower  is  encased  in  puddled  clay. 

The  spillways  provided  each  side  the  dam  have  a  total  width  of  200 
feet,  although  50  feet  width  was  regarded  as  probably  ample  to  carry  the 
maximum  floods  from  the  22  square  miles  of  drainage-area. 

The  dam  was  planned  and  built  under  the  supervision  of  J.  P.  Maxwell, 
State  Engineer.    The  work  was  done  by  contract  for  $25,000,  exclusive 
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of  engineering,  but  when  finally  completed  in  1894  its  entire  cofit  had 
reached  $33,1^1^'^3,  The  award  of  the  contract  was  made  Biibject  to  the 
proviso  that  El  PaRo  County,  in  which  it  is  located,  should  furnij^h,  without 
cost  to  the  State,  a  clear  title  to  the  land  required,  which  was  done. 

It  was  estimated  that  the  reservoir  could  be  filled  three  or  four  times 
every  year,  but  it  is  found  to  fill  once  and  sometimes  twice  in  a  year* 

The  reservoir  covers  62  acres  to  r  mean  depth  of  13,8  feet,  or  42%  of 
the  maximum  depth.    It  impounds  885  acre-feet. 

The  Apiskapa  State  Dam  is  located  in  the  Metote  Canyon  in  Las  Animas 
County,  and  was  completed  in  1892.  The  dam  is  of  earth,  and  forms  a 
reservoir  of  459  acre-feet  capacity.  Its  cost  was  $14,771.80.  It  is  filled  by 
a  ditch,  2  miles  lon^,  leading  from  Trujillo  Creek,  which  has  30  square 
miles  of  watershed,  the  water  from  which  is  fully  appropriated  and  used 
by  prior  locators* 

The  TIardscrahbh  State  Dam  is  an  earthen  structure,  completed  by  the 
State  in  1894,  at  a  cost  of  $9997.31.  It  impounds  but  102  acre-feet  of 
water,  and  is  filled  by  a  ditch  from  Hardscrabhlc  Creek,  in  Custer  County. 

The  Boss  Lahe  State  Dam  is  located  in  Chaffee  Connty,  on  the  head- 
waters of  the  South  Arkansas  Eiver.  It  was  finished  in  1894,  at  a  cost' 
of  114,654*24,  and  forms  a  reservoir  with  a  capacity  of  ^05  acre-feet.  It 
ie  made  of  earth,  and  was  reported  to  be  unsafe  in  construction  and  was- 
nevt^r  filled.    The  tributary  watershed  is  4  square  miles. 

The  Saguache  State  Dam  is  located  near  the  town  of  Saguache,  and  is 
an  earthen  dam  which  cost  $30,000*  The  reservoir  capacity  behind  it  is 
954  acre-feet*  It  is  filled  by  a  ditch  from  the  Saguache  River,  but  as  the 
normal  flow  of  the  stream  is  fully  appropriated,  only  the  winter  and  spring 
floods  arc  available. 

Canistear  Dam,  New  Jersey* — The  main  earth  dam  of  the  Canist^ar 
reservoir  of  the  East  Jersey  Water  Co.  was  built  in  1896,  to  form  a  res- 
ervoir of  323  acres,  with  a  capacity  of  2,407,0(J0,000  gallons  (7390  acre- 
feet)  at  a  cost  of  $341, OCX),  including  a  masonry  overflow  weir  and  two 
auxiliary  dikes.  It  is  worthy  of  note  for  the  rapidity  with  which  it  wsa 
completed,  less  than  live  months'  time  having  l>een  required  to  construct  it. 
The  main  dam  contains  98,0tXl  culnc  yards  and  the  two  auxiliaries  3S50 
cubic  yards.  All  three  have  concrete  core-walls,  amounting  to  9050  cubic 
yards,  while  the  overflow  weir  has  4500  cubic  yards  of  masonry.  It  was 
a  rush  job,  in  %vhich  work  was  done  b^'  night  m  well  as  by  day*  The  main 
dam  was  about  57  feet  high,  672  feet  long  on  top.  The  wasteway  was 
made  275  feet  long  to  provide  for  floods  from  a  watershed  of  10.5  square 
miles. 

The  dam  was  planned  and  built  by  Clemens  Herscbel,  M.  Am.  Soc, 
C  E<,  of  New  York,  one  of  the  distinguished  American  engineers,  who- 
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are  apparently  firmly  committed  to  the  concrete  or  masonry  core-wall  as 
an  essential  element  in  the  building  of  earth  dams. 

The  Glenwild  Dam,  Amsterdam,  New  York. — The  city  of  Amsterdam, 
New  York,  in  1902,  built  an  earth  dam  63.5  feet  high,  450  feet  long,  13  feet 
wide  on  top,  with  up-stream  slope  of  2  on  1,  down-stream  slope  2.5  on  1, 
to  form  a  reservoir  of  180  acres  area,  and  having  a  capacity  of  1,200,000,000 
gallons  (3675  acre-feet).  The  dam  is  curved  up-stream  with  a  radius  of 
708.6  feet,  and  has  a  core-wall  of  cement  masonry  in  the  center,  reaching 
to  a  height  of  1  foot  above  the  tiow  line  of  the  reservoir.  The  core-wall 
is  14.5  feet  thick  at  the  ground  line,  and  extends  7  feet  below  the  surfacef 
with  a  uniform  thickness  of  6  feet.  Above  the  wide  part  of  the  base  at 
the  stripped  surface  it  has  a  batter  on  one  side  of  3  inches  to  the  foot.  The 
wall  is  composed  of  broken  bowlders,  none  of  which  exceed  i  cubic 
foot  in  size,  laid  by  hand,  and  grouted  with  1:3  cement  mortar,  in  l&-inch 
courses. 

The  outlets  consist  of  two  18-inch  and  one  12-inch  cast-iron  pipes  laid 
side  by  side  and  bedded  in  rubble  masonry,  through  the  body  of  the  dam. 
Where  they  passed  through  the  core-wall,  an  arch  was  sprung  over  them, 
and  the  space  between  pipes  and  arch  subsequently  filled  with  cement 
grout  poured  in  through  three  1^-inch  pipes  reaching  to  the  top  in  the  in- 
terior of  the  wall,  after  all  settlement  had  ceased. 

The  dam  was  designed  by  Mr.  Stephen  E.  Babcock,  of  Utica,  as  con- 
sulting engineer.      Its  cost  by  contract  was  $47,360. 

The  Laramie  River  Dam,  Wyoming. — ^The  Wyoming  Development 
Co.,  in  1900-01,  constructed  a  dam  across  the  Laramie  river  to  form  a 
storage  reservoir  covering  an  area  of  6588  acres  and  having  a  storage  capa- 
city of  120,000  acre-feet,  for  the  irrigation  of  60,000  acres  in  the  neighbor- 
hood of  Wheatland,  90  miles  north  of  Cheyenne,  at  an  altitude  of  4700 
feet  above  sea  level.  The  flam  is  8000  feet  in  length,  34.5  feet  maximum 
height,  and  contains  344,000  cubic  yards.  The  up-stream  slope  is  3  on  1, 
outer  slope  2  on  1,  crest-width  15  feet  at  a  height  of  5  feet  above  the  flow 
line  of  the  reservoir.  Tlio  dam  is  built  as  a  homogeneous  earth  structure, 
the  material  being  placed  by  horse-scrapers  and  carts.  It  has  no  core- 
wall,  but  for  a  distance  of  1200  feet  in  the  center,  crossing  the  river  chan- 
nel, a  row  of  wooden  triple-lap  sheet  piles  was  driven  to  a  depth  of  10  to  12 
feet  below  the  surface. 

The  embankment  is  rip-rapped  with  large  bowlders  on  the  water-face, 
extended  by  an  apron  of  the  same  material,  30  feet  wide  above  the  upper 
toe  of  the  dam,  requiring  a  total  of  16,000  cubic  yards  of  rock. 

The  dam  was  built  by  George  Frederick  Vollmer,  Assoc.  M.  Inst.  C.E.* 

Cedar  Grove  Dams,  Newark,  N.J. — The  city  of  Newark,  New  Jersey, 
in  1901-04,  created  a  storage  reservoir  near  Cedar  Grove,  seven  miles  from 
♦  Vide  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  vol.  1C2,  Nov.,  1905. 
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the  city,  ha\nng  a  capacity  of  700,000,000  gallons  (2150  acre-feet)  by 
building  an  earth  dam  2700  feet  long,  across  the  main  outlet  of  the  basin^ 
with  dikes  at  each  end  of  the  reservoir,  650  feet  and  825  feet  in  length 
respectively.  All  three  dams  have  concrete  core-walls,  which  extend  up 
2,5  feet  higher  than  the  full  reservoir  level,  are  4  feet  thick  fit  top,  and 
have  a  uniform  batter  of  A  inch  to  the  foot  on  both  sides,  down  to  the  orig- 
inal ground  surface,  l^elow  which  the  thickness  is  uniform  to  the  bottom 
of  the  trenches  in  which  they  are  built.  The  walls  are  plastered  with  J 
inch  of  1:1  cement  mortar  on  the  water  side,  applied  in  the  forms  as  the 
concrete  was  placed.  The  maximum  height  of  the  core-wall  In  the  main 
dam  is  102  feet,  and  the  total  volume  of  concrete  in  all  the  core-walls  w^as 
36,000  cubic  yards.  It  was  mixed  in  the  proportion  of  1  part  of  Rosendale 
cement,  2  of  sand  and  5  of  crushed  rock*  The  pt^sts  of  the  forms  on  each 
side  of  the  wall  were  made  to  support  a  light  railway  the  entire  lengt  h  of 
the  dam,  on  which  cars  operated  by  a  cabb  and  winding  engine  were  run, 
conveying  concrete  from  the  mixing  plant  at  one  end.  This  trestle  was 
carried  up  in  three  bents  or  levels  of  20  feet  each  on  the  main  dam. 

The  maximum  heights  of  the  north  and  south  dikes  above  the  original 
€urface  are  26  and  25  feet  respectively,  the  core-walls  being  40  and  42 
feet  high.  They  are  12  feet  wide  on  top,  6  feet  above  reservoir  level,  and 
have  2  on  1  slopes  each  side.  The  main,  or  west  dam,  is  18  feet  wide 
on  top»  5  feet  above  the  water  line,  and  has  an  8-foot  berm  in  each  slope 
20  feet  below  the  top. 

The  core-wall  trenches  were  refilled  on  the  w^ater  side  of  the  walls 
to  the  original  ground  surface,  with  clay  puddle,  and  on  the  other  side 
with  selected  material  shoveled  into  water  or  well  rammed* 

The  earth,  a  red  clayey  loam,  was  excavated  by  steam  shovels  and 
hauled  to  the  dam  in  trains  of  Z\  yard  cars  hx  numbers  of  small  saddle- 
tank  locomotives.  It  was  spread  in  5-inch  layers  by  scrapers,  and 
compacted  by  steam  rollers  and  traction  engines. 

This  dam  is  to  be  noted  as  having  one  of  the  highest  concrete  core-walls 
in  America,  and  the  whole  construction  is  typical  of  modern  earth-dam 
w^ork.  The  total  amount  of  material  borrowed,  representing  the  approxi- 
mate volume  of  the  dams,  w^as  400,000  cubic  yards. 

The  total  cost  of  the  dams  complete  was  $600,000,  This  includes 
cost  of  stripping  of  the  reservoir  to  a  depth  of  six  inches,  but  does  not 
include  pipes  or  outlet  tunnel.  The  outlet  of  the  reservoir  is  through  a 
tunnel,  300  feet  long,  on  the  opposite  side  of  the  reservoir  from  the  main 
dam. 

The  works  were  designed  and  constructed  by  M.  R,  Sherrerd,  M,  Am, 
Soc.  C,  E, 

Belle  Fourche  Bam,  South  Dakota. — The  largest  earth  dam  under 
construction  by  the  United  States  Reclamation  Service  is  to  form  a  res- 
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ervoir  of  215,000  acre-feet 
capacity,  for  the  irrigation 
of  about  90,000  acres  of  arid 
land,  largely  public,  situated 
south  east  of  the  Black 
Hills,  South  Dakota,  by  the 
diversion  of  the  waters  of 
the  Belle  Fourche  and  Red- 
water  rivers,  into  a  large 
basin  east  of  the  town  of 
Belle  Fourche,  on  Owl  creek. 
The  reservoir  will  be  filled 
by  a  large  feeder  canal  6^ 
miles  long,  40  feet  wide  on 
the  bottom,  carrying  10  feet 
depth  of  water. 

The  dam  is  to  be  1 15  feet 
high,  6500  feet  long  and 
will  contain  1,600,000  cubic 
yards.  Its  crest  width  will 
be  20  feet,  at  a  height  of  15 
feet  above  the  flow  line  or 
crest  of  spillway.  The  latter 
is  300  feet  long,  semi-circular 
in  form. 

A  section  of  the  dam  is 
shov.  n  in  Fig.  292. 

The  inside  slope  is  3 
on  1  from  the  l)ase  up  to 
near  the  water  line,  with  an 
8-f(K)t  bcrni  near  the  bot- 
tom, 10  feet  below  low- 
water  line  at  the  foot  of 
the  pavement.  Above  the 
water  the  slope  is  1  on  1. 
The  facing  of  the  dam  is 
of  concrete,  made  in  large 
slabs,  laid  on  12  inches  of 
screened  gravel,  overlying 
12  inches  of  unscreened 
gravel.  The  slabs  will  be 
laid  in  the  form  of  headers 
and     stretchers,     breaking 
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joints,  the  largest  being  5  feet  3  inches  X  7  feet  7  inches  in  size  and  8 
inches  thick.  The  lower  slope  is  2  on  l^with  two  8-feet  bernis.  The 
dam  contains  no  core-wall  but  consists  of  a  heavy  adobe  clay,  placed  in 
6  inch  layers,  sprinkled  and  rolled.  The  bulk  ot  the  earth  was  contracted 
for  at  a  cost  of  28  cents  per  cubic  yard* 

The  contract  was  let  to  Orman  &  Crook,  of  Pueblo,  Coloradoj  for  a 
total  of  $879,164,25  or  $4,09  per  acre-foot  of  reservoir  capacity.  This 
does  not  include  preliminary  expenses,  engineering,  supervision,  etc*, 
amounting  to  perhaps  20%  more. 

The  total  volume  of  concrete  in  the  work  w^as  estimated  at  31,930  cubic 
yards,  ranging  in  price  from  $6,50  to  $7,00  per  yard.  It  is  understood 
that  the  financial  embarrassments  of  the  contractors  were  chiefiy  due  to 
the  losses  on  this  work. 

North  Dike,  Wachusctt  Dam,  Hass,~One  of  the  most  difficult  earth 
dam  constructions  and  one  of  the  largest  reservoir  embankments  in  the 
world,  is  the  North  Dike  of  the  Wachusett  reservoir,  referred  to  in  the 
account  of  the  Wachusctt  dam-  The  dike  m  two  miles  long,  65  feet  high 
at  the  deepest  place  to  the  water  line,  or  SO  feet  high  to  the  top,  with  a 
maximum  width  on  the  base  of  1930  feet.  It  covers  an  area  of  135  acres, 
and  contains  5,300,750  cubic  yards.  The  down-stream  slojie  oi  the  dike 
varies  from  3%  to  6%,  averaging  less  than  one-tenth  the  usual  slope  given 
to  reservoir  banks. 

To  cut  off  percolation  through  porous  substrata  under  the  dike,  a 
cut-off  trench  was  excavated  for  a  distance  of  9505  feet,  to  a  maximum 
depth  of  60  feet,  with  a  bottom  width  of  30  feet.  For  3130  feet  the  ex- 
cavation reached  to  bedrock.  Over  a  distance  of  5239  feet  wooden  sheet- 
piles  4  t^  6  inches  thick  were  driven  in  the  bottom  of  the  trench,  to  great 
depths  J  with  the  aid  of  the  water  jet,  reaching  at  bottom  to  extremely 
fine  sand.  The  cost  of  this  work  was  about  $1 25,000,  Over  540,000  cubic 
yards  were  removed  in  the  excavation  of  this  trench,  which  was  carefully 
replaced  by  selected  soil  from  the  reservoir  stripping,  placed  in  layers, 
sprinkled  and  rolled.  The  shrinkage  of  soil  from  the  l>orrow  pit  to  the 
finished  dike  after  rolling  was  found  to  be  37,5%* 

On  April  11,  1907,  a  section  of  this  dike  in  the  highest  place  slid  off 
into  the  reservoir  over  a  length  of  675  feet  at  a  time  when  the  water  was 
40  feet  below  the  top  of  the  dike.  About  65,000  cubic  yards  moved  bodily 
from  250  to  300  feet  laterally*  The  dike  was  heavily  riprapped  with  stone 
on  the  water-face,  with  5  feet  of  coarse  gravel  and  small  stones,  and  over- 
lying this  was  a  layer  of  rock  10  feet  thick,  taken  from  the  excavation 
and  dumped  on  the  slope.  The  embankment  broke  away  to  the  crest, 
but  caused  no  serious  injury,  and  it  is  thought  the  safety  of  the  dike  was 
in  no  w^ay  affected.  The  slope  was  1  on  2  on  the  w^ater-face,  and  the 
embankment  has  a  wide  berm  30  feet  below  the  top-    The  cause  of  the 
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Ale  M  not  definttelj  known,  but  it  nems  evident  that  the  an^  of  the 
rfope  WM  greater  than  the  natond  angle  of  repose  of  the  materials  used 
when  Mtorated  with  water. 

Dnrid  Lake  Dam,  BaHimofe,  ML^ — One  of  the  hi^iest  earth  dams 
in  America  was  bmh  in  1864  to  1870,  with  a  maximum  height  of  119  feet, 
a  crest  width  of  60  feet,  at  an  delation  of  5  feet  above  the  flow  line,  and 
with  inner  slope  (rf  4  on  1,  outer  slope  2  on  1.  The  dam  has  a  puddle  day 
eore-wall  in  the  center,  having  a  base  width  of  %  feet,  and  a  crown  width 
of  17  feet,  a  httie  above  the  water  fine.  In  the  coai?tructii3n  of  the  dam, 
narrow  embankments  were  first  built  up  on  each  side  of  the  core-wall 
to  a  height  of  25  feet,  the  material  being  placed  in  layers  well  rolled. 
Then  embankments  of  dumped  material  were  built  to  the  same  height  at 
the  dopes,  leaving  basins  between  them  and  the  center.  These  basins 
being  filled  with  water  the  earth  to  fill  the  basins  was  dumped  from  the 
fiU-banks  over  the  edges  into  the  water  until  the  two  basins  were  filled  to 
the  omform  hdght  of  the  banks  either  side.  Then  the  process  was  repeated 
bjr  boikfing  up  the  core-wall,  with  supporting  banks  of  rolled  material, 
fdlowed  by  dump-fills  and  the  formation  of  poob  of  water  or  ba^ns  on 
dther  side  into  wluch  the  earth  was  subsequently  dumped  to  fill  them. 
Tins  was  a  crude  form  of  hydraulic  fill,  but  it  was  an  early  recognition  of 
tiie  prindple  that  earth  settled  under  water  is  more  cheaply  compacted  than 
would  be  possible  of  attunment  by  other  means,  while  the  proven  stability 
of  the  dam  after  37  years  of  service  attests  the  efficiency  of  the  process. 

Cdd  Springs  Dam,  Oregon. — The  Umatilla  project  of  the  United  States 
Badamation  Service  in  Oregon  is  designed  to  irrigate  about  20.000  acres 
from  the  Umatilla  river.  In  connection  with  it  the  Cold  Springs  dam  is 
bdng  built  in  a  small  valley  to  form  a  storage  reser\oir  of  50,000  acre-feet 
capacity.  It  is  to  lie  32W  feet  long,  about  S2  feet  maximum  height 
above  the  original  surface,  and  will  contain  O^O/XK)  cubic  yards.  Its 
width  on  the  crest,  7  ffiet  above  the  water  line,  will  l>e  20  feet.  The  down- 
stream slofK*  2  on  1,  up-stream  sloi>e  3  on  1.  The  •liiiia'am.  Fig.  293,  is 
a  section  of  the  dam  slK)wing  the  proposed  arrangement  <^f  materials. 
The  material  immediately  available  for  the  construction  of  the  dam  con- 
sists of  basalt  rock,  an  extensive  deposit  of  gravel  on  the  northerly  hillside 
Ixjlow  the  dam,  and  fine  surface  soil,  covering  the  entire  country  about. 
These  were  the  most  abundant,  but  in  addition  there  is  also  available  a 
dejKwitof  pure  volcanic  ash,  at  infrequent  intervals  and  scanty  in  quantity, 
an  induratcjd  clay  at  one  end  of  the  dam  and  sand  and  gravel  underlying 
the  surface  soil,  somewhat  indurated  and  stratified.  Prior  to  determining 
the  choice  of  materials  to  be  selected  a  series  of  interesting  experiments 
were  conducted  under  the  direction  of  D.  C.  Henny,  M.  Am.  Soc.  C.  E., 
supervising  engineer,  assisted  by  E.  O.  Ilopson*  the  purpose  of  which 
♦  Engineering  A'ctt's,  March  7,  1907. 
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wa3  to  ascertain  the  permeability  of  the  materials  and 
percolation  of  water  through  them.  These  rates  were 
by  placing  the  materials  in  tanks  similar  to  those  used 
sachtisetts  State  Board  of  Health  and 
by  the  Massachusetts  Metropolitan 
Water  Board  in  experimenting  on  the 
permeability  of  soils  to  be  used  in 
constructing  the  North  Dike  of 
Wachusett  reservoir.  The  tanks  were 
of  galvanized  iron,  IS  inches  in  diam- 
eter, 5  feet  deep.  Two  perforated 
pipes  passed  through  the  tanks  hori- 
zontally, 3  feet  apart,  connected  on 
the  outside  with  glass  gage  tubes*  The 
material  to  be  tested  was  carefully 
ramm^^d  in  a  wet  condition  into  the  tanks 
between  and  around  the  perforated 
pipes.  To  prevent  seepage  of  water 
following  along  the  sides  the  interiors 
of  the  tanks  were  painted  and  sanded. 
Water  was  then  put  in  on  top  of  the 
material  and  maintained  at  a  constant 
level  At  regular  intervals  the  outflow 
from  the  tu!>eswas  measured  by  weight. 
As  the  result  of  these  it  was  found 
that  the  rate  of  percolation  through 
surface  soil  was  about  18,000  gallons 
per  acre  per  day ;  through  fine  suV>soilj 
350,000;  through  gravel,  155,000,000; 
through  volcanic  ash,  400,000,  and 
through  coai^ie  subsoil  650,000  gallons 
per  acre  per  day.  A  mixture  of  50% 
of  fine  subsoil  ^ith  an  equal  amount  of 
gravel  showed  a  rate  of  but  20,000  gal- 
lons per  acre  per  day.  The  experi- 
ments resulted  in  a  material  change 
in  arrangement  of  materials  in  the 
dam     from     what     had     been     the 

original    design,  and  the    selection  and  disposition  have  been 
shown  in  the  diagram.     This  is  such  an  intelligent  and  rational 
earth  dam  construction  that  the  author  considers  it  worthy 
commendation  and  study.     The  placing  of  coarse  gravel  oi 
stream  side  where  it  ^ves  stability  and  drainage  is  directly 
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the  principles  employed  in  hydraulic-fill  dam  construction.  The  position 
shown  for  the  drain-pipes,  considerably  below  the  center,  is  more  nearly 
correct  than  to  carry  them  as  far  as  the  center.  The  absence  of  a  core- 
wall  will  also  be  noted. 

As  the  result  of  the  experiments  the  engineers  computed  the  possible 
loss  by  percolation  through  the  dam  when  completed  under  tlus  dedign 
with  fill!  reservoir,  at  about  20,000  gallons  per  day,  or  less  than  one- 
thirtieth  of  a  cubic  foot  per  second. 

Slips  in  Earth  Dams. — ^This  experience  with  the  Wachusett  dike 
appears  to  be  a  very  common  one  in  the  building  of  reservoirs  in  India, 
where  many  such  slides  have  occurred,  although  almost  invariably  on  the 
down-stream  slope  of  the  reservoir.  These  are  doubtless  largely  due  to 
the  peculiarly  imctious,  black  soils  of  that  country,  which  lack  in  the  ele- 
ments to  produce  friction  and  stability,  as  well  as  drainage.  In  building 
the  Waghad  dam,  which  was  to  have  been  95  feet  high,  an  extensive 
sUp  occurred  when  it  was  completed  to  a  height  of  87  feet.  The  outside 
elope  in  this  case  was  2  on  1.  The  slope  assumed  by  the  slide  from  the 
bottom  up  for  nearly  half  the  height  was  about  3  on  1.  It  was  repaired 
by  first  digging  three  drains  at  right  angles  to  the  axis  of  the  dam.  Then 
a  few  feet  of  soil  was  built  up  in  the  work  of  restoration,  when  a  further 
motion  was  observed.  This  was  only  stopped  after  a  large  trench  had  been 
dug  about  250  feet  long,  with  base  width  of  30  feet  and  side  slopes  of  1  on  1, 
to  a  maximum  depth  of  40  feet  down  to  rock.  This  was  refilled  with  dry 
stone,  and  a  wide  berm  added.  The  repair  was  effective,  doubtless  due 
to  the  drainage  provided  by  the  stone  filling  of  the  trench. 

Mr.  William  L.  Strange,  Assoc.  M.  Inst.  C.  E.,  in  a  paper  on  *  ^Reservoirs 
in  Western  India"*  says: 

'*Low  dams  can  be  constructed  with  much  steeper  slopes  than  high 
ones.  The  w^ater-faces  of  dams  require  a  flatter  slope  than  the  rear  ones. 
From  these  considenitions  it  may  be  deduced  that  in  an  originally  homo- 
geneous dam  with  plane  slopes,  the  resistance  to  slipping  decreases  with 
the  height  from  the  top,  and  that  the  proper  section  is  one  having  the 
slopes  continually  flattened  toward  the  base.*'  On  these  principles  he 
proposes  an  empirical  section  with  the  following  slopes:  Inner  slope, 
base  to  25  feet,  7  on  1 ;  25  to  40  feet,  6  on  1 ;  40  to  55  feet,  5  on  1 ;  55  to  70 
feet,  4  on  1;  70  to  85  feet,  3  on  1;  85  to  100  feet,  2i  on  1.  The  down- 
stream  slope  of  his  ideal  section  starts  with  5  on  1  to  25  feet,  then  4i,  3J, 
3,  2 A  and  2  on  1,  respectively,  for  each  change  of  15  feet  of  height.  The 
crest  width  of  this  section  he  shows  as  10  feet  at  a  height  of  7  feet  above 
the  flow  line,  with  a  retaining  wall  neariy  vertical  on  the  water  side  for 
the  7  feet  of  superelevation. 


♦  Minutes  of  Proceedings  Institution  of  Civil  Engineers,  vol.  132. 
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For  high  earth  dams  in  narrow  gorges,  where  rock  or  "some  non-viscoua 

material  is  obtainable,  he  suggests  a  "compound  dam/' in  which  the  two 
toe  embankments  for  about  one- third  of  the  height  are  built  up  of  rock, 
or  presumably  gravel  lE  rock  is  not  to  be  had,  having  the  usual  slopes  of 
3  on  1  on  the  water  face  and  2  on  1  outside,  the  inner  batter  of  these  toe 
walls  to  \ye  steep;  the  space  l^etween  these  toe  walls  to  be  filled  with  earth, 
and  the  embankment  to  be  continued  above  the  top  of  the  toe  walls  after 
the  ordinary  method  of  earth  construction* 

This  ''compouind  dam'' is  virtually  based  upon  the  same  principles 
which  have  been  set  forth  in  the  chapter  on  Hydraulic-fill  Dams,  as  the 
leading  advantage  of  the  hydraulic-fill  process  of  dam  construction,  which 
employs  natural  forces  to  segregate  the  coarse,  **non-vi8cous  material" 
from  the  soil,  and  deposit  it  in  the  form  of  massive  toe  walls  on  the  slopes, 
confining  the  fine,  unctuous,  impervious  materials  in  the  center  where 
they  cannot  escape  or  cause  slips. 

Soluble  Salts  as  a  Cause  of  Earth  Slips. — As  noted  elsewhere  in  the 
foregoing  pages ,  the  slips  which  occurred  in  the  Ashti  and  Ekruk  dams 
were  attributed  to  the  fact  that  the  black  soil  from  which  the  dams  were 
made,  and  which  prevails  over  a  large  portion  of  India,  contains  impure 
Ume  and  alkali  in  small  nodules,  which  dissolve  readily.  In  Calif ornia^ 
Colorado,  and  the  Western  States  generally,  thase  soils  are  of  frequent  occur- 
rence, and  cause  great  trouble  in  canal  banks  l>ecause  of  the  seepage  through 
the  banks,  which  do  not  become  firm  and  imfjervious  until  the  soluble  salts 
have  been  leached  out  of  the  soil  in  the  course  of  years. 

This  class  of  soil  when  placed  in  a  dam  is  subject  to  saturation  not  only 
from  the  rains  but  from  percolation  of  water  through  the  embankment 
from  the  reservoir.  When  so  saturated  the  salts  form  a  lubricant  on  which 
the  embankment  Ls  apt  to  slide.  Where  the  materials  can  be  sluiced  into 
the  dam  and  deposited  by  the  hydraulic  process  the  water  in  transit  must 
separate  the  insoluble  materials,  take  up  the  salts  in  solution  to  a  large 
degree,  and  finally  carry  them  away  as  it  drains  off  after  leaving  the 
earth.  This  is  one  of  the  advantages  of  the  hydraulic  process,  which  have 
not  been  dwelt  upon  in  the  chapter  on  Hydraulic-fill  Dams,  for  the  reason 
that  this  class  of  soil  is  the  most  undesirable,  unfavorable  and  difficult  to 
handle  by  this  process,  and  therefore  to  be  avoided.  But  where  it  has 
to  be  used  for  lack  of  better,  it  can  certainly  be  made  more  stable  by  wash- 
ing out  its  soluble  contents  by  hydraulic  sluicing,  thus  permitting  of  stable 
construction  from  otherwise  unstable  materials. 

Various  Modern  Indian  Dams.— In  the  paper  referred  to  above,  Mr, 
Strange  gives  a  list  of  twelve  earth  dams  built  by  English  engineers  in 
the  Bombay  Presidency,  India,  for  irrigation  storage,  with  the  following 
data  of  dimensions  and  capacity: 
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Nftme  of  Dam. 


Ekrok. 
Kas 


Ifedleri.. 
MhflBWftd. 
Makti . . . 
Ndir.  .. 
Ptosul.. . 
Wagfaad. 
lUavedi. 
IMa.... 


Lcncth, 
Feet. 


Aiditi I      12,700 


6,940 
718 
3,370 
2,250 
7,»50 
3,000 
4,820 
2,770 
4,162 
4,445 
3,120 


Hdght, 
Feet. 


58 
75.7 
56.4 
57.3 
41 

79.8 
65 
74 

62.3 
95 
114 
94 


Top  Widtb,  '    Reservoir 


Feet. 


Arem,  Acres. 


6 

6 
10 

5 

6 

8 
10 

8 
6  to  8 

6 
10 
10 


2600 

4550 

75 

133 

169 

4020 
505 
675 
152 
778 

3550 
815 


Cepedtj. 

Acie-feei. 

35,700 
76,500 

4,500 

1,430 
71,000 

7,850 
12,000 

2,870 

14,300 

118,000 

19,600 


TalU  Dam,  Edinlmrgh,  Scotland.— In  1897-1904,  the  city  of  Edin- 
burghi  Scotland,  built  a  storage  reservoir  dam  on  the  Talla,  a  branch  of 
the  river  Tweed,  from  which  a  conduit  32  miles  long  conveys  water  to  the 
dty.  As  an  example  of  the  latest  type  of  earth  dam  as  built  in  Great 
Britain,  tins  dam  is  particularly  interesting.  It  is  78  feet  high  above  the 
original  surfacei  and  1030  feet  long  on  top.  The  crest  width  is  20  feet 
at  a  height  of  7  feet  above  the  flow  line  of  the  reservoir.  The  puddle  trench 
was  60  feet  or  more  in  depth,  excavated  into  slaty  rock  a  maximum  depth 
of  30  feet.  The  width  at  bottom  was  about  12  feet,  with  nearly  vertical 
rides  for  15  feet,  above  which  it  widened  to  30  feet  in  the  next  20  feet  of 
bright.  From  this  point  up  the  puddle  core  was  ^ven  a  batter  of  1  in 
8  on  each  side  to  the  top,  where  it  is  20  feet  wide.  On  either  side  of  the 
core-wall  the  middle  third  of  the  dam,  or  a  little  less,  was  made  of  "  clayey 
or  adhesive  material  in  layers  9  inches  thick.''  Outside  of  this  zone,  the 
construction  was  of  "stony  or  open  material  in  layers  18  inches  thick." 
The  inner  slope  was  4  on  1,  the  outer  3  on  1.  The  total  volume  of  the  dam 
is  about  500,000  cubic  yards. 

From  the  description  of  the  materials  given  *  the  dam  is  as  perfect 
an  imitation  of  the  modern  hydraulic-fill  dam  as  could  l^e  made  with 
the  old  and  more  expensive  methods  necessarily  employed  for  handling 
the  materials,  although  it  may  l)e  doubted  if  the  construction  is  any 
more  satisfactory  or  has  any  higher  factor  of  safety  than  if  it  had  been 
built  by  the  hydraulic  process.  The  leading  idea  of  the  design  is  prac- 
tically identical,  viz.:  a  body  of  clay  forming  the  heart  of  the  dam  to  the 
extent  of  nearly  one-third,  with  porous,  rocky  materials  on  the  two  slof)es 
giving  drainage.  The  so-called  "compound  dam"  suggested  by  Mr. 
Strange  is  on  the  same  general  design,  or  aims  at  the  same  result. 


*  Paner  by  Wm.  A.  P.  Tait,  M.  Inst.  C   E.,  in  vol.  167,  Proceedings  Institution 
of  Civil  Engineers. 
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Illustrations  of  Typical  Earth  Dams.— Plates  4, 5,  and  6  have  been  taken 
from  the  valuable  work  of  Wm.  Ham  Hall,  Am,  Soc.  C.  E.,  published  in 
1888,  entitled  *'  Irrigation  in  California/*  to  illustrate  a  few  standard  t3rpeH 
of  high  earth  dams  with  clay  puddle  core-walh  Plate  4  shows  longitudinal 
and  cross-sections  of  the  Pilarcitos  and  San  Andres  dams,  and  a  longitud- 
inal section  of  the  Old  or  Upper  Crystal  Springs  dam,  all  pertaining  to  the 
waterworks  of  San  Francisco. 

On  Plate  5  are  similar  sections  of  the  Llannefydd  dam|  Wales,  in  ^  hich 
the  maximum  depth  of  excavation  for  the  core- wall  waa  122  feet;  cf  the 
Dodder  river  dam,  Ireland,  where  the  excavation  was  comparatively 
small;  of  the  Yarrow  dam,  Liverpoi>l,  England,  90  feet  high,  with  a  puddle 
core  reaching  down  to  175  feet  below  the  crest;  and  of  the  Vehar  dam, 
Bombay » India,  having  a  height  of  84  feet 

On  Plate  6  are  sections  of  the  Stubden,  Leeming  and  Loch  Island  Heavy 
dams  in  Ireland,  the  Rotten  Park  dam,  the  UUey  dam^  and  the  Vale  House 
dam  in  England,  and  two  dams  in  France,  built  without  puddle  cores. 
The  Vale  House  dam  is  a  part  of  the  waterworks  of  Manchester,  and  has 
a  puddle  extending  to  a  depth  of  50  feet  below  the  surface,  with  a  base 
of  concrete  on  the  bottom  of  the  puddle,  filling  the  core-trench  on  bedrock 
— a  common  practice  with  English  engineers* 

Core-walls  for  Earth  Dams-— The  recent  invention  of  steel  sheet-piling 
which  can  be  made  practically  water-tight,  as  a  substitute  for  wooden 
sheet-piles,  which  are  never  entirely  satisfactory,  has  gi'eatly  simplified 
the  matter  of  securing  a  foundation  for  core- walls  of  earth  dams.  The 
construction  of  a  satisfactory  cut-off  in  quick-sand,  gravel,  soft  rock  or 
alternating  strata  of  porous  material,  can  now  be  made  in  many  locations 
by  the  driving  of  steel  piles  without  the  necessity  for  excavating,  bracing, 
pumping,  etc.,  all  of  which  is  slow  and  difficult.  Unless  large  bowlders 
are  encountered,  si-eel  piles  can  be  driven  to  as  great  a  depth  as  is  generally 
necessary  to  go  down  for  a  foundation.  Time  is  often  of  vital  consideration, 
and  the  use  of  pilas  of  this  class  will  frequently  be  the  means  of  rapidly 
completing  a  job  which  would  otherwise  be  delayed  indefinitely  waiting 
for  1  he  completion  of  the  final  excavation  of  foundations. 

This  use  of  steel  piles  as  a  cut-off  and  fo/  foundation  of  the  concrete 
core- wall  may  be  cited  in  the  building  of  the  Big  Rapids  dam,  Mich.,  in 
1907,  by  William  G,  Fargo,  hydraulic  engineer,  of  Jackson,  Mich.,  where 
sheet-piles  were  driven  as  deep  as  55  feet  through  sand  and  gravel  into 
hard  pan.  On  top  of  this  row  of  piles  a  thin  reinforced  concrete  core-wall 
was  built  up  through  the  dam,  to  the  top,  so  located  that  the  line  of  the 
wall  coincided  with  the  water  line  of  the  reservoir.  In  this  way  the  con- 
tinuation of  the  core-wall  was  made  to  act  as  a  retaining  wall,  and  the 
finishing  of  the  riprap  on  the  face  of  the  dam. 

The  notable  feature  of  this  construction  and  that  of  the  Lyons  dam, 


450  BE8EEV0IB8  FOB  IBBIOATION.  WATEB-POWEB^  ETC. 

built  by  the  same  eng^eer,  is  not  alone  the  use  of  steel  piling,  but  the 
extreme  thinness  of  the  oore-waU,  which  is  but  10  inches  thick  throughout. 
The  wall  is  therefore  merely  a  curtain,  or  diaphragm,  of  no  stability  un* 
supported,  but  having  a  certain  amount  of  flexibility.  It  mil  therefore 
accommodate  itself  to  unevenness  of  settlement  in  theembankmenton  either 
side  with  less  danger  of  serious  rupture  than  a  rigjid  wall  would  undergo. 

This  use  of  a  flexible,  reinforced  concrete  core-wall  or  diaphragm  for 
earth  dams  was  first  suggested  by  Mr.  H.  M.  Wilson,  M.  Am.  Soc.  C.  E.,* 
who  wrote  that  in  his  opinion  ^'such  a  diaphragm  would  be  imper- 
vious, tough  and  flexible  if  not  too  thick,"  and  suggested  a  thickness  of 
4  to  6  inches  throughout,  "firmly  anchored  in  cement  masonry  at  the 
foundation  and  up  the  abutment." 

The  only  example  of  the  use  of  cast-iron  sheet  piles  as  a  foundation 
for  a  dam  on  record  is  that  of  the  Assiout  dam,  Egypt,  described  in  Chapter 
III  on  Masonry  Dams. 

The  steel-plate  diaphragm  of  the  Chollas  Heights  dam  of  San  Diego, 
CaL,  heretofore  described,  is  another  notable  instance  of  the  use  of  a  flexible 
diaphragm  as  a  core-wall. 

These  are  in  striking  contrast  to  the  heavy  masonry  and  concrete  core- 
walls  built  in  earth  dams  in  the  Eastern  States,  to  which  British  eng^eers 
80  seriously  object.  Mr.  Regmald  E.  Middleton,  M.  Inst.  C.  E.,  says  on 
fUs  subject  :t 

''Where  masonry  alone  is  used,  should  there  be  any  movement  in  the 
bank,  the  wall  will  be  fractured,  serious  leakage  may  take  place  and  the 
dam  may  be  so  much  weakened  thereby  that  its  unforeseen  destruction 
niay  result,  and  it  is  exceedingly  difficult  to  make  a  thin  or  even  a  thick 
masonry  wall  perfectly  water-tight." 

British  engineers  adhere  to  clay  puddle  core-walls,  and  are  not  to  be 
convinced  that  it  can  be  considered  good  practice  to  attempt  to  support 
a  rigid  material  such  as  masonry  with  a  plastic  material  such  as  earthwork. 
The  introduction  of  a  thin,  strong  diaphgram,  having  a  certain  amount 
of  flexibility  and  capable  of  yielding  to  pressure  without  injury,  would 
seem  to  solve  the  objections  raised  toward  the  standard  American  type 
of  core-wall  as  hitherto  established,  although  as  yet  not  sufficiently  tested 
to  establish  their  reliability. 

The  recognition  of  the  desirability  of  building  core-walLs  with  flexibility 
combined  with  water-tightness,  led  to  a  suggestion  by  the  editor  of  Engir 
fleering  NewsX  that  the  core-walls  of  earth  dams  he  built  of  brick,  16 
inches  thick,  laid  in  hot  asphaltum,  in  such  a  way  as  to  hold  a  center 
diaphragm  of  pure  bitumen  between  walls  of  brick.     In  this  situation, 

♦  Engineering  News,  July  16,  1903. 

t  Engineering  Record,  vol.  54,  page  304. 

}  Engineering  News,  February  20,  1902. 
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in  the  heart  of  the  dam,  the  asphaltum  would  be  forever  protected  from 
oxidation  or  volatilization,  and  its  water-tight  properties  preserved  indefi- 
nitely. At  the  same  time  it  could  yield  to  uneven  aettlenient  without 
injury-  The  suggestion  does  not  appear  to  have  been  adopted  as  yet,  as 
far  as  the  author  13  aware. 

The  editor  of  that  journal  *  also  suggests  the  use  of  stone  macadam  as 
a  substitute  for  more  ex-perisi%'e  concrete  in  core-walla  for  earth  dams. 
By  this  plan  the  macadam  would  con^sist  of  crushed  rockj  with  an  extra 
quantity  of  fine  rock  dust,  t^  be  spread  in  layers,  thoroughly  %vetted  and 
rolled  or  tamped  in  position,  the  finer  dust  to  be  obtained  by  recnishing 
and  rebolting  and  passing  through  rolls  a  portion  of  the  medium  product 
of  the  rock  crusher,  in  order  to  fill  the  voids  in  the  rock.  The  editor  calls 
attention  to  the  high  cementation  value  possessed  by  the  dust  of  lime- 
stone,  felsite,  and  even  quartzite  when  saturated  and  pressed  together 
under  heavy  rollers. 

This  suggestion  would  appear  to  be  quite  as  applicable  to  the  build- 
ing  of  a  core  or  facing  for  a  rock-fill  dam,  in  localities  where  cement  is 
costly  and  difficult  to  obtain, 

Special  attention  of  engineers  throughout  the  world  was  called  to  the 
discoveries  made  by  a  board  of  engineers  called  in  1901  to  report  upon 
the  safety  of  the  proposed  earth  extension  of  the  New  Croton  dam.  This 
board  consisted  of  three  prominent  memlmrs  of  the  American  Society 
of  Civil  Engineers,  Messrs,  J,  J.  R.  Croes,  Edwdn  F.  Smith,  and  Elnathan 
Sw^eet.  Under  their  direction  borings  were  made  in  a  number  of  high 
earthen  dams  with  masonry  and  concrete  core*walls,  at  right  angles  to 
the  axis,  and  at  such  intervals  as  to  determine  that  in  almost  every  case 
there  w^as  a  continuous  w^ater-plane  extending  from  the  w^ater  surface  of 
the  reservoir  to  the  core-wall^  and  on  the  down -stream  side  to  the  louver 
toe,  having  an  inclination  of  17%  to  20%  and  indicating  that  the  dams 
were  saturated  below^this  plane.  The  inference  was  plain  that  the  c^>re- 
walls  were  not  water-tight  and  not  effective  in  preventing  w^ater  from 
pas^sing  through  the  dam.  Their  stability  therefore  depends  in  little  or 
no  degree  upon  the  core-wall,  but  rather  upon  the  compactness  of  the  earth 
and  the  fineness  of  the  particles  composing  the  embankment,  through  the 
medium  of  which  the  movement  of  water  on  the  plane  of  saturation  is  so 
exceedingiy  slow  as  to  have  no  power  to  remove  any  particles  from  the  dam. 

The  result  of  the  investigation  by  the  board  was  io  recommend  ttiat 
the  proposed  earth  section  of  the  dam,  which  required  a  masonry  core- 
w^all  of  over  ISO  feet  maximum  height,  be  substituted  by  a  solid  masonry 
dam*  These  findings  were  generally  approved  by  the  engineering  pro* 
fession  and  the  change  was  made* 

♦  rnginemring  News,  June  25,  1903. 
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CHAPTER  V, 
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The  Ash  Fork  Steel  Dam. — ^This  structure  is  tlie  first  one  of  it^  claso 
that  has  ever  been  erected^  and  has  so  many  novel  features  of  an  ex[3eri- 
mental  character  that  it  is  specially  interesting  and  instructive  to  the  engi- 
neering profession.  It  was  designed  by  F.  H,  Bainbridge,  C.E.,  of  ChicagOp 
and  was  eretted  in  1897  on  Johnson  Canyon,  at  a  point  4,3  miles  east  of  Ash 
Fork,  the  j  inetion  of  the  Santa  F^  Pacific  with  the  Santa  F^,  Prescott  and 
Phoenix  railroad*  The  d^m  is  one  mile  south  of  the  track  of  the  former 
roafL  The  steel  portion  of  the  dam  is  184  feet  long,  46  feet  maximum 
height  for  60  feet  in  center.  This  steel  structure  connects  with  masonry 
walls  at  each  end,  which  complete  the  dam  across  the  gorge  to  a  total  length 
of  3(X>  feet  on  top.  The  steel  structure  consists  of  a  series  of  twenty-four 
triangular  bents  or  frames,  standing  vertically  on  the  lower  side,  with  a 
batter  of  1  to  1  on  the  upper.  These  frames  are  composed  of  heavy  Ibeams, 
with  diagonal  struts  and  braces,  resting  on  concrete  foundations,  and  placed 
S  feet  apart,  center  to  center,  all  well  anchored  into  the  bed-rock  on  the 
concrete  base,  and  braced  laterally  in  pairs*  The  dimensions  of  the  bents 
vary  with  their  height.  The  end  bents  are  12  to  21  feet  in  height,  nine  in 
number*  four  of  the  l^ents  are  33  feet  high,  and  the  remainder  from  33  feet 
to  41  feet  10  inches  high.  The  batter-posts,  to  which  the  face-plates  are 
nveted,  are  of  20-Jnch  I  beams,  the  longest  being  66*5  feet.  The  face  of 
the  dam  is  composed  of  curved  plates  of  steel,  |  inch  thick,  8'  lOJ''  wiile, 
and  8  feet  long,  the  concave  side  being  placed  towards  the  water.  They 
thus  present  the  appearance  of  a  series  of  troughs  or  channels  between  the 
supports.  The  bent  plates  do  not  extend  into  the  concrete  at  the  base,  but 
the  bottom  course  consists  of  flat  plates,  and  the  coui-ae  next  to  tlie  bottom 
is  dished  in  the  form  of  a  segment  of  a  sphere,  making  the  transition 
between  the  curved  and  straight  form.  The  edges  of  the  plates  are  beveled 
for  calking,  and  riveted  together  ^ith  soft  iron  rivets.  The  joint  between 
the  steel  and  masonry  structures  at  the  ends  is  formed  by  embedding  flat 
plates  into  the  concrete^  the  face  of  which  has  the  same  slope  as  the  face  of 
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the  steelwork.  The  abutments  project  8  inches  beyond  the  line  of  the  face- 
plates. The  masonry- work  consists  of  343.6  cubic  yards  of  rubble  and 
1087  cubic  yards  of  concrete,  and  there  was  used  in  the  work  a  total  of 
1751  barrels  of  Portland  cement.  The  work  was  begun  October  7,  18t*7, 
and  completed  March  5,  18i*B,  Hinder  the  superviiion  of  K.  B,  Burn?, 
Chief  Engin&er,  Santa  Fe  Pacific  Railway,  Mr.  W,  B.  Nicholson,  Assistant 
Engineer,  being  directly  in  charge* 

The  dam  is  designed  to  carry  flood  water  over  the  top  of  the  steel 
structure.  The  steel  plates  are  carried  over  the  top  of  the  frame,  forming  a 
rounded  apron  to  carry  the  overfall  beyond  the  line  of  posts.  This  apron, 
connecting  with   the   curved  inner   plates,   forms  a  series  of   trough-like 
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Fig.    294— Abb    Foiie. 


AttisoNA,    Steel   Dam.   View    op    Steel    Constuuctioh 
FiiOM  Lower  bins. 


channels  between  posts,  1,3  feet  deep  at  center.  The  abutment  wall  at  the 
east  end  of  the  dam  is  2  feet  higher  than  the  bottom  of  the  spillway  chan* 
nels^  and  that  at  the  west  end  is  nearly  8  feet  higher.  The  rock  at  the 
dam- Bite  is  volcanic  in  origin,  very  hard  on  the  surface  where  ex^posed,  but 
containing  occasional  pockets  of  ashes  or  cinders,  and  badly  broken  by  seams. 
The  rock  excavated  for  fouudatious  was  nsed  for  concrete  and  nibble 
m««onry*  The  concrete  was  mixed  in  the  proportion  of  1  of  Portland 
cement  to  3  of  sjiud  and  5  of  broken  stone*  The  outlets  consist  of  two 
6-iuch  cast-iron  pipes  placed  6  feet  apart,  with  perforated  stand-pipes,  10 
feet  high,  inside  the  reservoir,  similar  to  those  at  the  Seligman  dam*  The 
pipes  are  embedded  in  the  concrete  28  feet  below  the  top  of  the  dam,  and 
reiluced  to  4"  diameter  at  a  point  16  feet  below  the  gates  that  are  nlacetl  at 
the  toe  of  the  masonry.  The  fall  in  the  pipe-line,  4,3  miles  long^  is  2CM> 
feet  from  base  of  dam  to  the  top  of  the  waters  tank  at  Ash  Pork. 


EARTHEX  DAMS. 


453 


The  reserToir  has  a  capacity  of  37,023,000  gallons,  or  4»95O,O0O  cubic 
feet,  and  receives  the  draioage  from  26  ecjiiare  milea  of  watershed.  The 
average  consumption  is  estimated  at  90,000  gallons  per  day,  or  three-fourths 
that  of  Seligman,  The  loss  by  evaponition  is  expected  to  be  40?^  to  50?^  of 
the  total  snpply,  but,  iuasmtich  as  it  will  recmve  water  from  etammer  rains 
as  well  as  from  melting  snowR,  it  is  anticipated  that  the  supply  will  be  main- 
tained equal  to  the  ordinary  demand. 

Considerable  difficulty  was  experienced  after  the  reservoir  was  just 
filled  in  making  a  water-tight  connection  between  the  steel  structure  and 
the  concrete  on  bottom  and  sides,  altliongh  no  leakage  occurred  through 
the  joints  in  the  steel  portion  of  the  dam-  This  was  apparently  due  to 
the  expansion  and  contraction  of  the  steel  exposed  to  the  sun.  Even  after 
adding  several  feet  of  concrete  to  either  side  of  the  base  of  the  steel  struc- 
ture the  leakage  was  still  annoying*  Finally  in  1900  a  heavy  coating  of 
asphalt  mastic  was  applied,  and  the  dam  has  made  water-tight. 

The  total  weight  of  steel  in  the  structure  is  478,704  lbs.,  which  was 
framed  and  erected  by  the  Wiscongin  Bridge  and  Iron  Company  at  a  cost  of 
$55,78  per  ton  of  3000  lbs.  The  detailed  cost  of  the  entire  dam  is  given 
as  follows; 

MATERIAL. 

Lnniber,  etc.,  in  bnildings, . , ,  16^9.94 

Kxplogives  and  tools  used  in  excavating. 9B7.20 

Corrugated  iron  and  iiaik  in  facing.  . , 181.02 

Kubble  stone. ,  . . .  ^ ,.,....  155.25 

Paint  and  oil  for  piunlirig  dum.  .  .  , . , 213.49 

CcmL-nt,  IdU  barrels,  . , ,  . .    . ,  - 6,774.92 

Steel  in  dam,  erected ,,.,.,,..,. 13,351.05 

Fencing  for  reservoir. , 40f<.*^6 

Total  material .$21,682,13 

LABOE* 

Spur-track .,......_,.._..... , . , ,  115*00 

Buildiiig  camp. , 272.75 

Hauling  material .    ... 3,378. 10 

Eicavathig  and  laying  miisonry  , 15,440.30 

Engineering  and  superintendence 3,102.83 

Plans  and  tests  of  metal , ....  2'i3.t)3 

i*'reigbt  on  metal 1,65L30 

Total  labor 24.01>:j.D7 

Total  cost  of  tlam  complete |i45,77t>*  10 

The  pipe-line  to  Ash  Fork  cost 15,978.70 


BTEEh    lyAUS, 


457 


portant  difference  that  it  has  a  concrete  base  throughout,  to  which  the 
st^l  structure  is  anchored*  The  proportions  are  such  that  at  any  section 
of  the  dam  the  resultant  of  all  pressures  i^ith  full  reservoir  falls  within  the 
middle  third  of  the  concrete  base*  This  base  is  built  in  a  trench  in  bed- 
rock, two  to  four  feet  deep. 

The  dam  is  1006  feet  long,  the  steel  portion  being  464  feet  long  between 
the  abutments,  in  the  center  of  the  structure,  which  is  continued  at  the 
end^  by  earth  embankments  with  masonry  core-walls*  The  maximum 
hdght  is  74  feet.     There  are  8000  cubic  yards  of  concrete  in  the  mcdn 


Fio.  297.— Redridce  Btiel  Dam, 

dam»  and  2000  cubic  yards  in  the  abutments  and  core-walls.    The  con- 

Crete  base  is  64  feet  thick,  and  has  somewhat  of  an  ogee  form,  with  a  depth 
of  ?.4  feet  at  the  lower  toe,  and  3S  feet  maximum  height.  The  up-stream 
side  is  inclined  to  conform  to  the  baiter  of  the  steel  frame  and  plates. 

The  steel  portion  of  the  dam  consists  of  a  series  of  steel  bents  of  A-frames 
8  feet  apart,  to  which  is  riveted  a  facing  of  steel  plates,  curv-ed  with  the 
concave  side  up-stream.  The  face  is  inclined  at  an  angle  of  55°  58',  while 
the  apex  angle  lietween  the  face  am!  the  inclined  columns  or  struts  is  56^  10'. 
The  plates  are  |  inch  thick,  Ifi  feet  high,  and  ha\dng  on  each  side  a  flat 
strip  of  5 1  inch  ^Hde,  which  is  riveted  to  the  flange  of  the  I-beams,  These 
beams,  forming  the  fa<^  members  are  15  to  24  inches  in  depth*     Below 
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the  bottom  course  of  curved  plates  is  a  course  of  flat  plates,  the  space  be-- 
tween  being  closed  by  a  segmental  inclined  diaphragm.  The  joining  witb 
the  concrete  base  is  made  ^ith  the  flat  plates. 

The  dam  forms  a  reservoir  of  150  acres,  having  a  capacity  of  600,000,000 
gallons  (1830  acro-feet). 

The  dam  was  designed  by  J.  F.  Jackson,  M.  Am.  Soc.  C.  E.,  engineer 
<rf  the  contracting  firm  that  built  the  dam,  the  Wisconsin  Bridge  and  Iron 


H "— ^j^-^-^«^^^^^'^|- „,_^^_>^ 

Lrill^w J 

i  I 

Section  near         Center. 

Fig.  208. — Redridge  Steel  Dam. 


Co.,  builders  of  the  Ashfork  dam.  F.  Foster  Crowell,  M.  Am.  Soc.  C.  E.^ 
acted  as  consulting  engineer. 

An  interesting  feature  of  the  construction  was  tlie  method  employed 
to  fortify  the  bedrock  in  front  of  the  dam  and  cut  off  percolation  under- 
neath it. 

A  line  of  drill  holes,  2  inches  diameter,  10  feet  deep,  and  spaced  7  inches 
apart,  was  put  down  into  the  rock  on  a  line  20  feet  above  the  toe  of  the 
dam.  Cement  grout  was  forced  into  these  holes  under  an  air  pressure 
of  90  pounds  per  square  inch.     The  rock  floor  between  the  line  of  holes. 
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IS  630  feet  long  and  has  a  maximunL  height  ot  81  feet.  Ttie  dam  haa  aii 
inclination  of  1^  on  L  It  was  deigned  by  Mr,  J.  F.  JackBon,  Assoc.  M, 
Am.  Soc.  C.  E.,  aod  built  of  steel  in  a  s^iniilar  manner  to  the  \sh  Fork  and 
Redfidge  &t©el  dams.     A  portion  of  the  dam  Mas  founded  ou  solid  rock* 


H 


£1 


The  remaimng  portion  for  300  feet,  where  gravel  was  found  to  an  ynknown 
depth,  wai3  founded  on  steel  sheet-piles  of  the  FrleBtcdt  pattern,  35  feet 
long,  driven  at  the  up-atream  toe  of  the  dam.  The  i*teel  plates  covering 
the  dam  were  connected  with  the  top  of  the  sheet  piles,  and  an  upper  layer 
of  concrete  covers  the  toe  plate  and  the  tops  of  the  sheet  piling.     The  dam 
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The  reservoir  above  the  dam,  called  Hauser  Lake,  is  16  miles  long, 
extending  to  the  foot  of  the  Canyon  Ferry  dam.  Mr.  Wm.  De  la  Barre, 
IL  Am.  Soc.  C.  E.,  acted  as  consulting  engineer. 

Failtire  of  the  Hauser  Lake  Dam,  Montana. — ^The  new  steel  dam 
built  on  the  Missouri  river,  about  18  miles  from  Helena,  Mont.,  de- 
scribed on  page  499,  and  but  recently  completed,  was  partially  destroyed 
on  April  14,  1908,  subsequent  to  the  preparation  of  the  description, 
and  a  section  about  300  feet  wide  in  the  center  of  the  dam  was  washed 
out.  The  failure,  as  described  in  Engineering  News,  April  30,  1908, 
with  photographs  of  the  ruined  structure,  was  caused  by  water  under* 
mining  the  rubble  masonry  fill  and  the  steel  sheet-piling  at  the  up-stream 
toe  of  the  dam.  This  piling  had  been  used  over  a  portion  of  the  channel 
where  bed-rock  could  not  be  reached  and  where  the  gravel  of  the  river- 
bed is  of  great  depth.  The  maximum  depth  reached  by  the  piling 
driven  in  this  gravel  was  35  feet.  The  concrete  placed  over  the  top  of 
the  piling,  which  formed  the  junction  bett^een  the  expansion  joint  of  the 
steel  work  and  the  sheet  piling,  is  said  to  have  been  placed  in  a  depth 
of  10  feet  or  more  of  water,  so  that  its  quality  may  have  been  very 
poor.  The  total  damage  caused  by  the  break  is  estimated  at  $250,000 
to  S300,000,  requiring  six  months  time  to  make  the  necessary  repairs. 
Figg.  302  and  303  illustrate  the  dam  as  completed,  and  just  prior  to 
completion.  The  wreck  of  the  dam  is  clearly  shown  by  Figs.  304  and 
305.  These  interesting  cuts  have  been  kindly  loaned  by  Engineering 
News. 

A  contract  for  the  reconstruction  of  the  dam  has  been  let  to  the 
Stone  &  Webster  Engineering  Corporation,  by  whom  borings  have  been 
made  to  bedrock,  which  was  located  at  a  depth  of  55  feet  below  normal 
water  level.  The  plan  to  be  adopt^^d  for  the  restoration  of  the  dam  has 
not  been  announced. 
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The  design  of  the  structAiral  steel  dams  described  In  the  preceding  chapter 
IB  that  of  a  triangle  with  the  up-stream  face  bo  flatly  inclined  that  the 
water-pressure  is  made  to  give  incmasetl  stabilitv  by  ita  weight,  and  this 
basic  principle  has  been  the  leading  feature  in  the  development  of  dams 
of  reinforced  concrete,  which  were  first  introduced  in  the  Eastern  States 
about  the  year  1902  by  the  Ambursen  Hydraulic  Construction  Company 
of  Boston,  who  hold  patents  on  the  plans  and  methods  employed. 

No  less  than  39  dams,  from  10  to  SO  feet  high,  and  from  50  to  1200  feet 
long*  have  been  erected  in  this  short  inter\'al,  many  of  w^hich  have  been 
described  in  detail  in  the  engineering  periodicals  and  have  attracted 
marked  attention  throughout  the  engineering  world*  No  failures  have 
yet  been  recorded*  The  list  of  structures  erected  includes  the  following: 
Sheldon  Springs  and  Woodstock,  Vt.;  Wilton  and  Goffston,  N.  H.;  New- 
ton, Russelb  Gloucester  and  Pitt^fiekl,  Mass*j  Ellsworth,  Me.;  Hunting- 
don and  Hlcketts,  Penn.;  Ilchester,  Md,;  Dan\411ej  Ky.;  Fenelon  Falls, 
Ontario;  Woonsocket,  R*  I.;  Theresa^  Schuylerv^ille,  Ramapo,  Grays, 
Colliers,  and  Horseshoe,  N*  Y.,  DeUwood,  Illinois;  Douglas,  Wyoming  and 
many  others. 

The  designs  for  these  dams  are  highly  specialized  and  exhibit  an  in- 
telligent conception  of  the  problems  involved*  They  also  illustrate  in 
a  striking  way  the  matiifold  uses  and  flexible  adaptability  of  the  new  build- 
ing material  which  is  so  rapidly  entering  into  all  forms  of  construction 
at  the  present  day. 

The  basic  design  is  that  of  the  original  type  of  timber  crib  dam  of  tri- 
angular form  and  long  low  back  slope,  the  old  so-called  *' horse  <lam/' 
from  which  it  differs  mainly  in  the  substitution  of  imperishable  and  water- 
tight concrete  for  the  wood  used  Vjy  our  forefathers. 

The  valuable  principle  adhered  to  throughout  is  that  the  vertical  com- 
ponent of  the  static  pressure  shall  be  made  to  pin  the  dam  more  firmly  down 
to  its  foundation,  whereas  with  the  usual  type  of  gravity  masonry  or  con- 
crete dam,  where  the  up-stream  face  is  generally  vertical,  or  but  slightly 
inclined,  the  pressure  is  exerted  horizontally  to  overturn  the  dam,  which 
must  therefore  be  made  suflSciently  massive  to  resist  this  force  by  its 
weight  alone, 
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A  properly  dcnigned  gnmtj  dam  exerts  %  pieaauie  on  Hb  fowndttion 
ffftfk^ng  theoretieally  from  lero  at  the  up-stream  edge  to  a  majdmum  at 
lit  dowiv^ream  toe,  which  mazimiim  ia  kept  at  or  just  withm  the  safe 
limit  of  emshiDg  for  masonry,  usoaliy  on  a  safety  factor  of  2  or  2JS,  The 
dagram  of  foundatioD  preamire  is  therefore  a  trianj^. 

In  the  reinforced  concrete  dam,  the  slope  of  the  ''deck''  or  wat^'-faoe 
may  be  so  related  to  the  wm^  and  base  width  of  the  dam  that  the  pres- 
sure on  the  foundation  is  controlled  at  the  will  of  the  designer,  and  it  ia 
said  that  the  factor  of  safety  in  all  its  relations  is  never  made  less  than  & 


Fio.  306. 

Usually  the  proportions  are  such  that  the  diagram  of  pressure  is  nearly 
a  rectangle.  In  other  worrls,  the  pressure  is  uniformly  distributed  over 
the  whf)le  founrlaticm,  with  any  excess  pressure  thrown  slightly  towards 
the  uf)-Htrearn  angle  instead  of  l)eing  concentrated  at  the  down-stream  toe. 
This  arises  from  the  fact  that  the  resultant  of  the  water  pressure  and  weight 
of  the  dam  can  be  held  at  or  a  little  alK)ve  the  center  of  the  base  instead 
of  passing  down  to  the  lower  edge  of  the  middle  third. 

In  diagram,  Fig.  .S06,  the  movements  of  this  resultant  and  the  pressures 
on  the  base  may  be  traced.  As  the  water  rises  back  of  the  dam,  the  result- 
ant advances  slightly  up-stream  from  the  center,  until  it  reaches  to  about 
three-fourths  full  height,  when  it  returns  again  nearly  to  the  center  with 
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Ihe  dam  under  its  calculated  flood  load.  The  angle  of  the  resultant  also 
is  always  kept  within  the  limit  of  the  angle  of  friction,  thus  preventing 
any  tendency  of  the  dam  to  move  on  its  base. 

Fig.  307  shows  in  pejspective  and  section  the  form  adapted  to  low  heads 
and  hard  foundations.  It  consists  of  a  series  of  piers  or  buttresses,  spaced 
12  to  18  feet  apart  on  centers,  and  covered  with  a  deck  of  concrete,  rein- 
forced betw^een  the  different  bays  as  a  beam,  in  which  the  tension  members 
of  steel  are  placed  near  to  the  under  side,  leaving  from  ten  inches  to  several 
feet  of  concrete  between  the  steel  bars  and  the  water*  The  thickness  of 
the  concrete  sheet  necessarily  increased  from  top  to  bottom  with  the  in* 
crease  of  head.     But  little  reinforcement  is  used  in  the  piers,  except  at 


Fia,  307. 

the  edges  and  around  the  openings  which  are  usually  made  through  them, 
either  for  convenient  passages  or  for  the  saving  of  nmteriah 

The  concrete  in  the  deck  is  mixed  as  rich  as  1:2:4^  usually  mih  fine 
aggregates,  and  is  poured  into  the  forms  in  sloppy  condition,  w-lnch  en- 
sures a  thorough  coating  of  the  steel  with  cement.  Exi^erience  seems 
to  show  that  water^tightness  can  l>est  \ye  insured  by  mixing  the  concrete 
very  wet,  which  is  l>ecoming  generally  recognized  and  adopted  on  all 
modern  concrete  work. 

One  apparent  advantage  of  this  design  is  that  the  dam  when  founded 
on  rock  has  no  continuous  base,  and  therefore  cannot  be  threatened  by 
upw^ard  lifting  pressure  of  water  that  may  find  its  way  through  seams 
in  the  roek* 

Several  of  the  dams  ha\"e  been  l)uiU  on  gravel  or  other  porous  foundat'on 
with  a  continous  base  of  concrete  over  the  gravel,  protected  by  a  curtaia 
wall,  or  sheet-piling  above  and   an   apron   below.     The   floor  is   pro* 
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river  to  the  other,  as  a  substitute  for  a  foot-bridge  over  the  stream,    Sucb 
a  passage  is  illustrated  in  Fig,  309. 

In  8ome  of  the  later  designs  the  interior  passageway  has  even  been 
incTeased  to  accommodate  a  highway,  and  in  other  cases  it  has  been  used 
as  a  runway  for  a  traveling  crane  for  picking  up  the  machinery  of  a  power 
bouse  located  in  the  interior  of  the  structure* 

The  part  of  the  dam  first  constructed  in  the  bed  of  a  flowing  stream 
is  the  piers,  and  these  can  be  built  independently  inside  of  caissons,  so 
that  the  use  of  expensive  cofferdams  for  the  diversion  of  the  entire  stream 
may  often  be  avoided.  This  is  done  by  completing  the  structure  above  the 
water  line,  allowing  the  stream  to  flow  uninterrupted  between  the  piers. 
Subsequently  the  closure  of  the  separate  bays  is  made  with  concrete  as- 
mmply  as  the  process  of  putting  in  stop  log^  in  a  large  canal  headgate. 

The  Ellsworth  Dam,  Maine,— As  an  example  of  the  latest  form  of 
this  new  type  of  construction,  the  dam  built  across  the  Union  river  at 
Ellsworth,  Me,,  during  1907,  completed  in  January,  1908,  may  be  cited. 
This  dam  was  t  ailt  for  the  Bar  Harbor  and  Union  River  Power  Co,,  to  form 
E  reservoir  of  71,000  acre-feet  capacity,  but  chiefly  to  give  head  to  a  power- 
house located  against  the  dam,  where  the  first  iastallation  was  for  4250 
wheel  H.  P, 

It  Is  founded  on  granite,  and  the  transverse  profiles  arc  very  irregular^. 
as  shown  in  Fig.  3|5,  which  is  a  section  through  the  rollway*  The  maxi- 
mum height  of  the  datn  is  7L5  feet,  in  the  bulkhead  portion,  back  of  t he- 
power-house.  The  rollway  is  65  feet  high.  The  total  length  of  the  dam- 
is  about  500  feet.  The  general  plan,  elevation  and  section  of  the  struc- 
ture are  shown  in  Fig*  31^*  The  space  underneath  the  bulkhead  and 
immediately  in  the  rear  of  the  power-house  is  utilized  as  a  trans- 
former-house, store-house,  machine-shop,  etc.,  while  the  power-houae  la- 
approached  from  the  town  on  the  opposite  side  of  the  river  by  a  tunnel 
beneath  the  low  part  of  the  crest  and  a  passage  at  different  levels^ 
entirely  through  the  body  of  the  dam.  The  structure  is  shown  in  Figs, 
312  and  316. 

The  high  tea^ion  wires  for  the  powder  house  pass  through  portholes 
shown  in  the  picture  just  underneath  the  top  of  the  dam  to  the  right  of 
the  power-house- 
Considering  the  height  and  length  of  the  dam,  the  fact  that  it  contains 
but  SOOO  cubic  yards  of  concrete  is  striking.  The  work  was  begun  the 
last  of  February,  1907,  on  the  excavations  of  foundations  and  building 
of  cofferdam.  As  there  were  3000  cubic  yards  of  hard  rock  to  excavate 
the  first  concrete  was  not  laid  before  June  9th,  and  the  last  put  in  place 
Nov.  14th.  Evidently  the  design  permits  of  remarkable  rapidity  of 
construction,  and  small  amounts  of  material.  The  cost  is  not  available- 
for  any  of  these  structures,  although  they  are  said  to  compare  favorably^ 
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Flashboards  t^  increase  the  storage  in  low  water  are  set  and  released 
by  the  device  indicated  in  Fig.  315* 

As  will  be  obBerved  the  standards  which  clamp  the  boards?  in  position 
may  be  withdrawn  entirely  into  the  interior,  leaving  the  crest  of  the  roU- 
way  entirely  unobs^tructed  for  passage  of  flmxis, 

Tbe  Patapsco  Dam,  Maryland.— This  structure  is  30  feet  high,  200 
feet  long,  built  across  the  Patapsco  river  near  11  Chester,  Maryland-  The 
entire  width  of  tbe  river  was  required  for  the  overflow  weir,  so  that  tt 


Fig.  317.— Patapsco  Dam,  Ilchestek,  Maryland, 

became  necessary  to  utihase  the  room  in  the  hollow  interior  fur  the  power- 
house, in  which  three  units  of  500  H,  P.  were  snugly  insitalled.  The 
dam  is  of  the  hiiU-apron  type,  affording  ample  daylight  on  the  down- 
stream side-  The  cubic  contents  of  this  dam  are  but  2200  cubic  yards, 
A  general  view  is  shown  on  Fig,  317. 

Fig.  318  is  a  cross-section  of  the  dam  with  its  enclosed  powDr-hou^He, 
and  Fig,  319  shows  an  interior  view  of  the  power  house  after  completion. 

This  dam  is  of  the  lowest  height  admissible  for  a  submerged  power- 
house. Two  dams  of  this  F^ubmerged  power-house  type  are  being  buUt, 
70  feet  high,  affording  ample  room  for  installations  of  5000  IL  P.  each, 
accommodating  traveling  cranes^  transformer-rooms^  switch-boards,  etc* 
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The  Juniatfl  Dam,  Huatingdon,  Pa*— This  interesting  dam  is  built  on 
a  foundation  of  [jorous  gravel,  underlaid  by  hardpan  at  a  depth  of  about 
18  feet.  A  trench  wa^  first  sunk  to  the  hardpan  at  each  edge  of  the  dara, 
and  a  reinforced  concrete  cut-off  wall  molded  therein^  intercepting  the 
underflow.     (See  Fig.  322.) 

The  completed  floor  forming  the  base  for  the  suj>erstructure  of  the 
roll  way  is  illustrated  by  the  photograph,  Fig,  320,  on  page  480. 

The  reinforcement  of  this  floor  is  proportioned  to  distribute  the  pressure 
to  an  average  of  1-3  tons  per  square  foot. 

Fig.  321  gives  a  clear  vnew  of  the  work  at  an  advanced  stage,  with  the 
river  flowing  through  opening  beyond  the  cofferdam,  and  Fig.  323  shows 
the  completed  dam  and  power-house.  The  dam  in  the  rollway  section  is 
28  feet  high  and  460  feet  lon^.  It  contains  6400  cubic  yard^  of  concrete^ 
including  abutments  and  bulkheads. 
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underlaid  at  a  depth  of  12  feet  with  dense  yellow  clay.  Cut-o£f  walls  at 
each  edge  extend  down  3  feet  into  the  clay  at  bottom  and  sides.  The 
gate-house  is  incorporated  with  the  dam,  utilizing  the  space  between  two 
piers  for  that  purpose.    Fig.  324  is  a  cross-section  through  the  gate-house. 

The  lon^tuctinal  section,  Fig.  325,  shows  the  footings  adapted  to 
the  hillside,  and  soft  foundation.  The  completed  dam  is  shown  in  Fig.  326. 

The  work  was  carried  on  contimiously  throughout  freezing  weather, 
when  the  thermoneter  reached  a  minimum  of  12  degrees  below  zero,  by 
heating  the  materials,  and  by  using  "salamanders''  in  the  bays  beneath 
the  deck,  for  which  the  hollow  dam  construction  was  favorable.  There 
is  said  to  be  no  discemable  difference  in  the  quality  of  the  concrete  laid 
in  the  winter  months  and  that  which  was  placed  in  moderate  weather. 

A  dam  of  this  type  has  been  designed  for  construction  during  1908, 
wMch  is  to  be  115  feet  high,  1 ,300  feet  long,  and  contains  about  85,000  cubic 


Fio.  325. — Longitudinal  Section  of  Pittsfield  Dam,  showing  Piers  and  Stxpfbo 

Footings  on  Slopes. 

yards  including  the  power-house.  Floods  approximating  40,000  second- 
feet  are  to  be  cared  for  without  variation  of  the  working  level  of  the 
water  by  a  series  of  waste  gates  between  the  several  bays,  operated  by 
hydraulic  lifts,  and  by  a  movable  crest  on  the  rollway. 

A  section  through  the  bulkhead  and  power-house  is  shown  in  Fig.  328, 
representing  all  essential  details  clearly.  Fig.  327  is  a  longitudinal  section 
of  the  dam. 

Another  dam  planned  for  construction  in  1908,  is  shown  in  section 
in  Fig.  329. 

This  dam  is  to  have  an  ultimate  height  of  120  feet,  will  be  520  feet 
long  and  contain  54,000  cubic  yards  of  concrete,  as  shown  by  dotted 
lines  in  the  section.  The  first  construction  will  be  limited  to  80  feet,  with 
a  temporary  wooden  apron  supported  on  steel  beams  on  the  down-stream 
side. 

La  Prele  Dam. — This  dam  for  irrigation  purposes  is  now  under  con- 
struction near  Douglas,  Wyoming.  It  is  135  feet  high  and  250  feet  long> 
and  will  contain  about  15,000  cubic  yards  of  concrete. 

The  limit  of  height  to  which  dams  of  reinforced  concrete  may  be  safely 
built  is  as  yet  to  be  determined.  Preliminary  designs  for  a  structure  315 
feet  high  were  computed  by  request  of  engineers  in  Government  service, 
and  it  is  stated  that  no  insuperable  difficulties  were  encountered,  the 
unit  stresses  being  kept  the  same  as  on  smaller  dams,  and  the  ratio  of 
material  and  costs  holding  about  as  in  other  cases. 
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Fig.  328. — Section  of  Dam  115  Feet  High,  with  Power-housb. 
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FiQ.  329. — Section  of  High  Dam,  planned  for  Increase  of  Height  in  Futurb 


CHAPTER  VII. 

NATURAL    RESERVOIRS. 

On  the  great  plains  east  of  the  Bocky  Mountains  there  are  thousands 
of  natural  basins  ii^iieh  have  no  on  t  lets  and  which  gather  the  storm -water 
Tun-ofT  from  a  few  hundred  acres  of  surroiniding  torritorj,  and  hold  it  m 
shallow  ponds  until  it  is  lost  by  evaporation.  Many  of  these  depresstons 
have  been  utilized  as  storage-reservoirs  by  carrying  water  to  them  from 
adjacent  streams,  and  by  providing  them  with  outlets^  either  by  tunnels 
or  cuts;  and  many  more  have  been  selected  for  future  utilization.  They 
are  often  at  thy  proper  elevation  to  command  large  areas  of  arable  land, 
and  can  usually  be  converted  into  safe  storage-reservairs  at  fiuiall  expense. 
Such  natural  basins  appear  to  be  invariably  water-tight,  and  in  every  way 
suitable  to  the  purpose,  except  in  occasional  instances  where  they  contain 
deep  beds  of  alkali. 

In  the  mountains,  too,  many  natural  basins  are  to  be  found,  which  have 
been  formed  by  land  slides,  but  more  frequently  by  glacial  moraine  deposit, 
often  of  great  depth  and  width,  forming  natural  dik&s  of  enormous  magni- 
tude. These  basins  are  usually  occupied  by  lakes,  which  can  be  converted 
into  storage- reservoirs,  either  by  restoring  a  portion  of  the  origin  ally 
higher  dike  which  has  been  worn  down  by  the  channel  of  the  outlet  of  the 
lake,  and  thus  increase  the  capacity  of  the  lake  basin,  or  by  the  deepening 
of  this  channel  by  artificial  cut,  or  b}^  both  the^  methods.  Frequently 
these  lakes  are  of  very  great  depth,  hebl  back  by  dams  built  by  Nature's 
hydraulic-fill  methods,  and  suggesting  the  limitless  heights  to  which  such 
dams  can  be  built,  i^rovided  they  be  made  of  adequate  dimensions.  The 
author  has  seen  a  natural  dam  on  a  branch  of  the  Umpqua  river  in  Oregon^ 
over  300  feet  highj  formed  by  a  landslide  from  the  adjacent  sandstone 
clifiF*  The  base  of  this  dam  was  not  over  3000  to  4G00  feet.  Floods  of 
several  thousand  second-feet  pass  over  the  top  of  it  every  year,  and  it  ia 
practically  water-tight,  as  it  holds  back  a  good  sized  lake.  This  is  a  natural 
rock'fiU  dam,  composed  of  enormous  blocks  of  stone,  whose  voids  are  filled 
with  smaller  stone  and  rock  dust  ground  up  in  the  process  of  falling. 

Lake  Como,  in  the  Bitter  Root  valley,  Montana,  is  an  instance  of  a 
very  deep  natural  lake  ba&in  formed  by  a  terminal  moraine  of  fine  and 
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coarse  gjavel,  sand  and  glacial  flour.  This  lake  is  to  be  converted  into  a 
rei^rvoir  for  irrigntion  storage  by  the  building  of  a  hydraulic- fill  dam  across 
the  outlet  channel. 

Twin  Lakes  Reservoir,  Colorado. — Almost  identical  in  g^ograpWcai 
formation  and  glacial  origin  to  that  of  Lake  Conu>,  Montana,  are  the  Twin 
Lakes  on  the  fork  of  the  Arkansas  river  which  heads  in  Mt.  Massive,  near 
Lead\ille*  This  was  one  of  the  i^servoir-sites  segregated  and  Burv^eyed 
by  the  Umted  States  Government  in  1892,  as  shown  by  the  map  (Fig.  330), 


u    u 


Fig.  33L — ^Twin  Lakes,  CoijOrado,   Masomrt   Dama-over  Outujt,  with  Eajith 
Backing,  Gate-hoube,  and  OtrxLET  Culverts. 


These  lakes  cover  an  area,  at  normal  stage  of  water,  of  about  1900  acres, 
and  have  a  depth  of  more  than  80  feet.  They  are  at  an  altitude  of  9194 
feet,  and  receive  the  drainage  from  387  square  miles  of  watershed,  including 
within  this  area  some  of  the  hig^hest  mountains  of  Colorado.  The  annual 
runK)f!"  from  this  area  is  from  40,000  to  100,000  acre-feet. 

The  plan  proposed  by  the  government  engineers  for  utilizing  these  two 
lakes  and  converting  thern  into  one  large  reservoir  was  to  erect  an  earth 
dam,  ^-ith  a  maximum  height  of  73  feet,  acro^  the  valley  below  the  lakes^ 
and  thus  increase  their  surface  area  to  3475  acres.  This  would  give  a 
reservoir  capacity  above  the  normal  lake  surface  of  103,500  acre- feet. 
To  fill  the  reservoir  it  was  designed  to  supplement  the  runnaff  of  the  atreains 
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flioDB  of  its  safety.    The  modifications  which  were  made  in  the  plan  are 
shown  in  Fig.  332,  and  the  work  has  since  been  completed  in  compliance 
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directly  tributary  by  diverting  water  from  the  mam  Arkansas  river,  by 
a  canal  leaving  the  river  a  short  distance  below  Leadville. 

Some  years  after  this  survey  was  made  a  private  corporation,  called  the 
Twin  Lakes  Reservoir  Company,  was  organized  by  Buffalo  capitalists  to 
carry  out  the  work  on  a  modified  plan*     This  company  acquired  sufficient 
land  around  the  margins  of  the  lakes  to  control  them,  and  began  w^ork 
in  the  summer  of  1898*     The  plan  adopted  by  them  comtemplated  works 
that  would  enable  them  to  draw  off  the  lakes  to  16  feet  below  their  normal 
level,  and  in  addition  build  a  low^  dam  that  would  store  9  feet  in  depth 
above  that  levelj— thus  commanding  a  total  depth  of  25  feet  and  a  total 
volume  of  48^000  acre-feet,     Uf  this  voluraej  two-thirds^  or  32,000  acre- 
feet,  is  below  the  normal  kkudevel.     In  pursuance  of  this  plan  thej  en- 
cava  ted  a  canal  at  one  side  of  the  outlet-streamj  2000  feet  long,  from 
the  edge  of  the  lower  lake  to  the  point  of  its  intersection  with  Lake  Creek 
This  canal  is  40  feet  wide  on  bottom,  and  has  a  maximum  depth  of  37  feet 
The  excavation  was  in  sand,  bowlders,  and  silt,  or  "  glacial  flour/'  and  was 
chiefly  made  with  a  flteam-shovel    At  the  point  where  the  excavation  was 
deepest,  some  200  feet  from  the  lake  margin,  they  prepared  to  erect  head- 
gates  of  iron,  on  a  heavy  base  of  concrete j  with  abiitnient*waila  of  cut 
stone  laid  in  cement  mortar.    The  structure  was  to  have  been  32  feet  in 
height.     The  gates  were  twelve  in  number,  each  2  feet  8 J  inche.s  wide, 
5  feet  high,  made  of  |-inch  boiler-plate,  and  carrying  iron  fta^h boards, 
loosely  resting  one  above  another,  on  top  of  the  gate,  and  reaching  up  to 
above  high -water  mark.    The  gates  were  to  slide  vertically  between  12-inch 
I  beams.    These  beams  were  to  be  embedded  in  the  concrete  floor.    The 
foundations  for  this  floor  were  made  by  driving  piles,  upon  which  the 
abutment-wall^  and  center  pier  rest.    (Fig.  332,) 

The  concrete  baf?e  of  the  gate  structure  was  planned  and  built  72  feet 
long,  with  a  width  of  6 J)  feet  to  the  outer  lines  of  the  abutment- walls.  It 
was  made  5  feet  in  thickness,  with  double  grillage  of  T  rails,  encased  in 
the  concrete.  Three  lines  of  apron  or  curtain  walls  extended  down  5  feet 
below  the  bottom  of  the  concrete,  across  the  line  of  the  eanah 

In  the  spring  of  1899  this  structure  was  partially  completed,  the  floor 
was  finished,  and  one  of  the  abutraent-walle  was  built  12  feet  high,  when 
work  was  stopped  by  threats  of  injunction  made  by  officials  of  the  Denver 
and  Rio  Grande  and  the  Colorado  Midland  railways,  whose  tracks  through 
the  canyon  of  the  river  below  would  have  been  endangered  by  any  failure 
of  the  proposed  reservoir.  At  this  juncture  Mr,  0*  0,  Mc Reynolds  was 
appointed  Chief  Engineer,  and  the  writer  was  employed  as  Consulting 
Engineer  to  prepare  plans  to  make  the  w*ork  secure  and  allay  apprehen- 
fliona  of  its  safety.  The  modifications  which  were  made  in  the  plan  are 
shown  in  Fig.  332,  and  the  work  has  since  been  completed  in  complianr* 
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with  the  Bew  design.  The  changes  were  made  in  tuch  manner  m  to  adapt 
them  to  the  part  already  completed  and  to  ntilize  materials  already  on  the 
ground,  Theee  were  the  following:  A  series  of  four  culverts  wert*  built 
oQ  top  of  the  completed  floor,  extending  from  the  line  of  gates  to  the 
lower  edge  of  the  concrete  platform,  a  dielanee  of  47  feet.  These  culverts. 
are  each  7  feet  11  inehe&  wide  and  1  feet  high,  with  a  semicircular  arch 
o?er  them.  They  are  built  of  concrete,  the  thickness  of  the  arch  being 
2  feet.  On  top  of  these  culverts  a  ma^ionry  dam  is  built  across  the  canal,, 
reaching  to  a  height  of  30  feet  abo%x  the  floor  of  the  structure.  This 
wall  is  of  sandstone  ashlar,  laid  in  large  blocks  with  Port  land -cement 
mortar.  Its  base  width  is  15  feet^  top  4  feet;  down-i^tream  batter  5:  12. 
Extending  well  into  the  banks  on  each  side,  in  line  with  the  dam,  is  a  con- 
crete wall,  2  feet  thick,  designed  to  cut  off  seepage  through  the  earth 
filling  on  the  sides  that  would  tend  to  pass  around  the  dam*  Against  the 
masonry  dam  on  the  lower  side  is  an  embankment  of  earth  over  the  top  of 
the  culverts,  forming  a  rlriveway  over  the  canal,  22  feet  wide  on  top. 
The  outer  slope  terminates  against  a  low  wall  forming  a  fat^ade  for  the 
culvert -portals.  The  slope  is  paved  with  stone.  For  50  feet  above 
and  75  feet  below  the  concrete  platform  the  canal  is  paved  with  con- 
crete on  the  bottom,  and  the  sides  protected  from  erosion  by  substantial 
walls  of  concrete  above  the  dry  rubble  below  the  head  works.  The  gates 
built  (or  the  original  design  were  used^  but  the  hoisting-device  was  im- 
proved, and  a  substantial  gate-house  built  over  the  gates, 

Spillwoij. — ^A  space  is  left  between  the  gates  and  the  masonry  which 
will  admit  of  a  maximum  discharge  of  600  second-feet  over  the  top  of  the 
flasblioards,  without  raisijig  the  gates.  Whenever  any  water  thus  passes 
over  the  top  of  the  dashboards  it  can  escape  freely  through  the  culverts 
and  down  the  canal.  This  provision  for  sudden  floods  in  the  possible^ 
absence  of  attendants  to  open  the  gates  is  considered  an  ample  spillway 
allowance.  The  culverts  have  a  combined  capacity  of  over  2000  second- 
feet* 

Fishway, — To  provide  for  a  free  passage  of  migratory  fish  over  the 
dam.  in  compliance  with  the  State  law,  it  h  proposed  to  erect  a  fish-ladder 
of  approved  design^  supplying  it  with  water  piped  from  a  neighboring 
stream.    The  lakes  abound  in  trout 

The  entire  cost  of  the  improvements,  including  the  purchase  of  valuable 
villa  sites  on  the  lake  margins,  will  be  about  $200^000.  The  works  were 
finished  during  the  current  year  (1900). 

-*  Glaciti!  FkmrJ^ — An  interesting  feature  of  these  improvements  is  the 
peculiar  character  of  the  material  through  which  the  canal  has  been 
excavated  and  upon  which  the  head-works  have  been  built.  The  lakes  are 
located  between  two  great  lateral  moraines,  hundreds  of  feet  in  heightj 
while  the  barrier  across  the  valley,  forming  the  natural  dam  incloaing. 
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rt'yj-r/o.r*  ihA^.  h^-t  P>^;':ri  ^r^fjKcr.f-A  for  g.-«=:  in  Colorado  is  located  3  milea 
rfOrf\ita''t  of  1/r/f'Ast(i(\,  dolor nfio,  at  Boyd  I^kes.  These  are  two  basina 
A/Jja/'fif,  oa/:h  ^onf.airnng  Arnall  lakes,  on  the  high  ground  between  the 
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Cache  la  Poudre  and  Big  Thompson  rivers*  The  basin  will  require  no 
dam,  and  when  filled  will  have  a  maximum  depth  of  44  feet,  and  a  surface 
area  of  1920  acres,  the  capacity  of  which  will  be  45,740  acre-feet. 

The  method  proposed  for  its  conversion  into  a  reservoir  is  to  make  an 

open  cut,  10  feet  wide  at  the  bottom,  on  a  grade  of  1.5  feet  per  mile.  At 
the  deepest  point  in  the  cut  a  masonry  wall  is  proposed  to  be  built  across 
the  cut,  with  six  3-foot,  ca^t-iron  pipes  passing  through  the  wall.  The 
reservoir  would  be  fed  bj  two  canals  from  the  rivers  on  each  side  of  it* 
The  entire  cost  of  the  improvement  is  estimated  by  Capt.  II.  M.  Chitten- 
den *  at  $262,106.34,  or  $5,73  per  acre-foot  of  storage  capacity. 

The  Laramie  Natural  Eesenroir-aite,  Wyoming. — Capt.  Chittenden's 
able  report  f  on  reservoir-sites  in  Wyomiug  and  Colorado  describes  a 
natural  basin  that  could  be  made  available  for  storing  the  surplus  water 
of  the  Laramie  and  Little  Laramie  rivers,  which  is  one  of  colossal  majjoi- 
tude.  Its  maximum  depth  is  170  feet,  covering  an  area  of  13,fi51  acres, 
and  having  a  capacity  of  R37,038  acre-feet.  This  is  ^eatly  in  exeesa  of 
the  supply  available  from  the  two  fitreams  mentioned,  which  h  estimated 
at  70,000  acre-feet  annually,  although  this  could  be  increased  by  gathering 
the  supply  from  more  distant  sourceB. 

When  filled  to  the  lOo-foot  level,  the  annual  loss  by  evaporation  would 
he  24,000  acre-feet,  leaving  a  supply  of  4f>,no0  acre-feet  for  irrigation* 
The  estimated  cost  of  the  canals,  reservoir-outlets,  rights  of  way,  etc., 
for  utilizing  the  basin  on  the  basis  of  storing  only  the  waters  of  the  two 
Laramie  rivers »  was  $416,254,  or  $9,05  per  acre- foot  of  average  supply. 

Lake  Be  Smet  Reservoir-site,  Wyoming. — Among  the  reservoir-si  tea 
examlnecl  and  reported  upon  hy  Capt.  Chittenden,  in  the  report  quoted 
above,  was  a  natural  depression  without  outlet,  called  Lake  De  Smet, 
This  basin  is  3  miles  long,  1  mile  wide,  and  covers  an  area  of  1965  acres. 
The  improvement  of  thi?  basin  which  he  recommended  was  to  construct 
a  feeder-canal,  3^  miles  long,  with  a  capacity  of  727  second-feet,  and  con- 
struct two  outlets,  one  at  each  end  of  the  basiuj  discharging  into  Box 
Elder  Creek  on  one  side  and  into  Piney  Creek  on  the  other,  each  to  have 
a  capacity  of  4:^5  second -feet.  This  would  convert  the  basin  into  a  reser- 
voir by  the  addition  of  30  feet  in  depth,  bringing  the  level  of  the  lake  up 
to  the  rim  of  the  basin,  increasing  its  surface  area  to  2400  acres,  and 
affording  an  available  storage  of  07,027  aere-feet  of  water.  The  entire  cost 
of  the  improvement  was  estimated  at  $113,300,  or  $1,67  per  acre-foot  of 
fitorage  capacity. 

•  Report  of  G&pt.  Htfmto  M,  ChJtt«nden,  Corps  of  EnfHn^ers,  U.  S.  A,,  upon  examlna- 
tion  of  Reaerroir-sitea  in  Wynmlnj^  and  Cr>lormH<i.  under  tti«  prof  inlniii  of  Acst  of  Cbo- 
gTms  of  June  3*  1896,     Hoaiie  Document  No,  I4l»  55th  CoDgreos,  2d  9e«aloii* 
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Fort  LyoTi  _ 113.00  20% 

Kicking  Bird ,.._,.,  acioO  lOOi) 

Satanta . ,  _ 1^.50  300 

Comanche . . , .  _ 1IJ,78  400 

Pawnee , , , .  _ G.34  gOO 

Aniitj _  , , 1 10.00  870 

BufTalo Kilo  192 

The  company  has  invogted  about  $2,250,000  in  its  irrigation  works  and 
laiitl^,  the  area  of  Its  holdintit*  }mng  about  10r>,0(lO  acreji.  Tlie  managt'r  of 
the  company  is  Mr,  W.  H.  Wiley,  of  New  York,  now  residing  at  Holly, 
Colo. 

The  three  reservoirs  described  in  the. foregoing  table  are  so  connected 
that  they  can  be  drawn  upon  by  one  outlet,  Thig  hae  been  formed  by  a 
deep  cut  through  the  rim  of  the  basin ^  in  which  the  gates  are  placed  in 
Bulistantial  hcadworks  of  cut-t^tonc  masonry.  The  outlet  to  Nee  Skah  is 
of  a  similar  pbm.    The  Kino^  reservoir  as  yet  has  no  outlet  provided  for  it 

Oregon  Basin  Heservoir,  Wyoming,^ — One  of  the  most  capacious  natural 
basin  reservoirs  in  tlie  West  is  that  created  liy  tlio  Big  Horn  Bi^sin  De- 
velopment Company  near  the  town  of  Wiley,  Wyop,  for  the  irrigation  of 
lands  lying  between  the  Shoshone  and  Grey  Bull  rivers.  The  reservoir 
is  to  i>e  fed  by  a  canal  taking  wat<>r  from  tlie  south  fork  of  the  Shoshone 
river,  about  15  miles  above  the  Shoshone  dam. 

The  reservoir  baa  an  area  of  5106  acres,  at  an  elevation  of  5213  feet 
above  the  level  of  the  sea.  It  is  nearly  circular,  is  4  miles  long,  nearly  12 
miles  in  circumference,  and  100  feet  in  depth.  Its  capacity  is  400,000 
acre-feet. 

The  outlet  is  through  a  tunnel  4000  feet  long  l>et\veen  approaches, 
the  water  l>eing  controlled  by  gates  at  the  bottom  of  a  shaft  60  feet  tleepi 
located  250  feet  Ijelaw  the  head  of  the  tunnel.  A  dike  is  required  at  the 
outlet  gap  over  the  tunnel  150  feet  long,  with  15  feet  maximum  depth  of 
water  against  it*  Mr,  G*  W.  Zorn  h  chief  engineer  of  the  company^ 
to  whom  the  author  is  indebted  for  the  information. 

The  Douglas  Lake  Reservoir,  Colorado. — An  earth  dam  across  a 
natural  depression  on  Dry  Creek,  five  miles  northwest  of  Fort  Collins, 
CoL,  waa  built  in  1902,  an  illustration  of  which  is  shown  in  Fig.  333. 

The  great  cracks  in  the  dam  are  the  conspicuous  feature  of  the  picture, 
and  are  CN-idence  of  the  lack  of  proper  care  and  supervision  in  important 
works  of  this  character.  The  dara  contains  about  150,000  cubic  yards 
of  earth,  and  forms  a  reservoir  of  10,600  acre-feet  capacity,  sufficient  to 
create  great  havoc  in  the  country  below  it  if  it  were  suddenly  released.  The 
reservoir  b  filled  bv  a  ditch  from  the  North  Foudre  river. 
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The  Fossil  Creek  Reserroir,  Colorado, — A  part  ol  the  same  system  of 
reservoirs  for  irrigation  storage  is  one  built  the  same  year,  requiring  an  earth 
dam,  60  feet  high,  half  a  mik  tongp  and  containing  300,000  eubb  yards. 
It  fornix  a  reservoir  covering  750  acres,  with  a  capacity  of  12,600  acre^feet, 
It^  eatimated  cost  waa  $170,000.  The  feerler  ditch  from  Cache  la  Poudr© 
river  is  4^  mite  long,  with  a  eapaeity  of  400  second-feet. 


Fig.    S33, — Douglas    Lake    Dam,    Colorado,    showixg    Danoeroits   Bettlmmext 

CBArKft.   DIE  TO    ImPBOPEU   METHOD   OF  CONSTRUCTION, 

Natural  Gravel-bed  Storage-reservoOT, — It  may  be  eaid  that  all  the  soil 

of  the  earth  m  a  gtorage-rvsprvoir,  which  receives  a  large  proportion  of  the 
precipitation  fnun  the  cloud^s  and  gives  it  off  slowly  to  feod  the  natural 
springs  by  which  the  normal  flow  of  the  streams  is  inaintained.  Thpf?e 
natural  reservoirs  are  increa&ed  in  capacity  and  useful  function  by  a 
maintenance  of  the  for  est  r,  which  shade  the  ground,  lessen  the  force  of 
the  winde,  increase  the  humidity  of  the  air,  diminish  evaporation,  and  knit 
the  soil  together  with  a  network  of  roots  and  so  enable  it  to  resist  ero&ion. 
In  many  parts  of  the  country  the  storm-waters  from  the  mountains 
flow  over  great  beds  of  coarse  gravel,  extending  from  the  foot-hills  out  into 
the  valleys,  for  many  miles.  These  gravel  beds  constitute  natural  storage- 
reservoirs  of  enormoiL^  capacity,  and  if,  at  some  lower  point,  a  contraction 
occurs  in  the  stream -channel,  or  some  natural  barrier  intercepts  the  flow, 
the  water  is  again  forced  to  appear  on  the  surface  and  feeds  the  stream  by 
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a  constant  outpouring  from  the  gravel  reservoir^  long  after  the  feeders  of 
the  reservair  have  gone  dry. 

In  southern  California  there  are  a  number  of  such  natural  reservoirs, 
one  of  the  most  notahle  of  which  is  in  the  San  Fernando  Valley,  north  of 
Los  Angeles,  and  supplies,  hy  its  natural  overflow,  the  Los  Angelee  River, 
The  San  Fernando  Yalley  has  an  area  of  182  square  miles,  about  one- 
fourth  of  which  is  a  deep  bed  of  coarse  gravel,  constitnting  a  natural 
storage-reservoir.  The  valley  is  surrounded  by  mountains,  of  which  about 
300  i?quare  mileg  in  the  area  drains  into  the  valley.  At  its  outlet  the  valley 
narrows  down  to  a  width  of  about  2  miles,  and  at  this  first  contraction 
the  Los  Angeles  River  begins  to  appear,  growing  by  rapid  accretions  in  the 
space  of  a  mile  or  more,  at  the  rate  of  10  to  25  miner's  inches  per  100  feet 
of  channel.  All  the  stream??  flowing  into  the  valley  are  intermittent,  and 
for  months  at  a  time  have  practically  no  aurface-tiow.  The  overflow  of  the 
gravel  reservoir,  however,  is  practically  constant  through  all  seasons^  wet 
and  dry,  maintaining  a  discharge  of  from  70  to  90  second-feet  Even  after 
three  seasons  of  drouth  the  river  at  the  present  writing  shows  a  diminution 
of  but  about  15%  from  the  normal 

The  Upper  San  Gabriel  Valley^  some  15  miles  east  of  Los  An^a^es. 
constitutes  another  natural  reservoir,  of  somewhat  greater  discharge  than 
that  of  the  Los  Angeles  River,  The  passage  of  the  stream  through  the 
coast  range  of  hills  is  but  one  mile  in  width,  and  contracts  the  basin 
sufficiently  to  cause  the  reservoir  to  overflow  at  the  surface,  ^producing 
a  never- failing  water-supply  for  irrigation  in  the  valley  below.  Near  the 
outlet  of  the  upper  valley  a  number  of  artesian  wells  have  been  bored 
'which  pierce  strata  of  impervious  clay  and  add  considerably  to  the  natural 
output  nf  the  reservoir. 

The  San  Bernardino  Valley  is  another  interesting  example  of  nature's 
8torage*rescrvoirs,  whose  overflow  at  the  narrows  below  yields  a  large  and 
unfailing  supply  to  the  adjacent  irrigated  districts.  This  valley  also  pro- 
duces a  large  artesian  flow  to  augment  the  supply  wliicli  naturally  seeks 
outlet  to  the  surface,  as  the  overflow  of  the  gravel  reservoir. 

Only  second  in  importance  to  these  natural  reservoirs  which  retain 
water  and  let  it  out  to  the  surface  at  a  uniform  rate^  where  it  may  be 
diverted  by  gravity  to  the  lands,  are  the  great  artesian  basins  fed  by  under- 
ground streams,  which  require  to  be  tapped  by  the  boring  of  wells,  and 
the  more  numerous  and  widespread  suhterranean  basins  from  which  water 
in  wells  may  be  pumped  in  practically  immeasurable  quantities. 
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Lost  Canyon  Natural  Dam,  Colorado. — The  region  of  Lost  Park  and 
Lost  Canyon,  on  Goose  Creek,  Colorado,  a  tributary  of  South  Platte  River, 
is  one  of  rugged  grandeur,  characterized  by  scenery  of  the  wildest  imagin- 
able description,  abounding  in  high  cliffs  and  rock-masses  of  fantastic 
shapes  and  colors  and  of  Titanic  dimensions.  Nature  has  here  made  an 
effort  at  rock-fill  dam-construction  on  a  grand  scale  by  filling  in  the 
canyon  to  a  maximum  depth  of  250  feet  with  an  aggregation  of  enormous 
bowlders  thrown  from  the  neighboring  cliffs.    This  remarkable  rock-fill  is 


Fig.  3;i4.— Sketch  op  LoNOTTroiN.vL  Section  op  Lost  Canton  Natural  Dam 

2100  feet  in  length,  and  is  fairly  well  roprosoiit(Ml  in  a  general  way  by  the 
longitudinal  and  cross  sections  shown  in  Figs.  334  and  335.  The  maximum 
height  above  the  upper  toe  is,  as  stated,  250  foot;  but  as  the  bed  of  the 
canyon  falls  150  feet  in  the  length  of  tb(»  dam,  the  hei*rht  of  the  cresl  is 
400  foot  above  the  low(»r  too,  whore  tho  stroaiii  (Miktitos  from  underneath 
tho  ])owl(lors.  Tho  oxtromo  width  on  to])  is  -100  foot,  although  the  bulk) 
of  the  fill  is  loss  than  100  foot  in  width,  and  at  tho  bottom  tho  canyon  width 
between  well-polished  walls  is  but  20  to  25  feet,  at  such  places  as  it  is  pos- 
sible to  go  underneath  and  inspect  it. 

Some  of  the  bowlders  that  form  the  embankment  are  as  large  as  an 
ordinary  two-story  dwelling-house,  and  the  stream  linds  its  way  through 
them  with  little  ai)i)aront  obstruction,  although  the  presence  of  a  pile  of 
driftwood  at  the  mouth  of  a  cave  on  the  upi)or  face,  150  feet  above  the 
bottom,  is  an  indication  that  occasionally  the  volume  is  too  great  to  find 
exit  in  the  lower  j)assagos  and  is  forced  to  rise  to  this  higher  outlet.  It  is 
possible  to  doscond  in  this  cavo,  by  means  of  ladders  and  ropes,  into  the 
interior  of  the  dam  almost  to  the  water-level.  The  crest  of  the  solid  mass 
of  the  dam  proper  is  at  the  200-ioot  level,  although  a  chain  of  huge 
bowlders,  25  to  50  feet  high,  lying  near  together,  extends  across  the  canyon 
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from  sida  to  side.  The  entire  surface  of  the  tiatunil  embankment  is  dotted 
over  with  large  lir-trees^  growing  in  the  soil  that  has  lodged  in  the  crcvict^a 
As  the  stream  emerges  from  the  foot  of  the  dam  it  hai  the  ai>ttearanoe  of 
a  spring  flowing  out  from  beneath  an  old  glacial  moraine. 

Surveys  of  the  site  have  develojjed  the  fact  ihu*.  a  reservoir  with  a 
capacity  of  24,000  acre-feet  can  be  made  available  for  storage  and  use  by 
making  nature's  dam  water-tight.    This  may  readily  be  dune  by  {llling 


n?p_ 


Tia  335— Sketch  of  Cuosa-BECTitiN  at  Uppfc.n  Ekd  hf  Lo&t  C aK¥<»n  Natliial  Dau^ 

the  crevices  and  caviUcs  on  the  upper  face  wUh  concrete  and  providing  a 
proper  outlet  for  the  water  by  means  of  a  tuunel. 

The  latter  has  been  projected  on  the  75-foot  level,  and  will  require  to 
be  1200  feet  long  to  reach  a  neighboring  canyon.  The  cost  of  tliis  work 
has  been  estimated  at  $104,000,  or  $4,35  per  acre-foot  of  storage  caftacity 
in  the  reservoir.  An  addition  of  20  feet  to  the  top  of  the  dam  would 
increase  this  capacitv  to  27,700  acre-feet,  and  the  cost  to  $141,000,  ttie 
work  to  bj  done  in  Portland-cement  ma«onry.    The  reservoir  has  been  ia 
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eontempUtion  for  some  years  as  a  storage  for  irrigation  and  domeBtie 
supply  in  and  around  Denver,  from  which  city  it  is  some  sixty  nailes 
distant. 
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CHAPTER  VIII. 
MISCELLANEOUS- 

After  completing  the  proof-reading  of  the  revised  editioa  presented 
in  the  foregoing  chapters,  a  number  of  photographs  were  received  which 
had  been  intended  to  be  incorporated  in  the  body  of  the  work  had  they 
been  available*  As  these-  illustrations,  mostly  of  new  or  little  known 
types,  are  particularly  valuable  and  instructive,  adding  much  to  the 
illumination  of  the  subjecti  they  have  been  assembled  in  a  concluding 
chapter  of  miscellany. 

The  author  takes  pleasure  in  acknowledging  his  indebtedness  for 
these  photographs  and  notes  descriptive  of  them^  as  follows: 

To  Mr,  Samuel  Storrow,  M.  Am,  Soc,  C.  E.,  for  thirteen  recent  photo- 
graphs of  the  Bowman  Lake,  the  English,  the  Weaver  Lake,  and  the 
Eureka  Lake  rock*fill  dams  in  the  mining  regions  of  Northern  California, 
referred  to  in  the  text;  also  a  view  of  the  Faucherie  timber  frame,  tri* 
angular  dam — ^^a  very  old  structure  still  in  service — and  a  late  picture 
of  the  Lake  Frances  hydraulic*fiU  dam,  as  it  appears  after  completion- 
Many  of  these  dams  are  remotely  situated  in  the  Sierra  Nevada  moun- 
tains and  not  readily  visited  or  photographed.  The  views  suppUed  by 
Mn  Storrow  have  been  taken  in  the  course  of  his  professional  work, 
and  his  notes  upon  the  construction  of  these  curious  old  dams  of  the 
mining-day  type  of  temporary  structure,  have  been  kindly  placed  at  the 
author's  disposal.  The  obligation  is  still  further  increased  by  the  four- 
teen pictures  of  four  Mexican  masonry  dams,  most  of  which  are  quite 
new  to  the  world  at  large,  l>ut  one  of  them  having  been  illustrated  in 
the  first  edition*  These  fourteen  pictures  were  taken  by  Mr.  Storrow 
on  a  tour  of  Mexico  mth  a  party  of  mining  engineers  in  November^ 
190  L 

The  author  is  under  obligations  to  Messrs,  Wiley  &  Lewis,  contractor, 
for  the  interesting  pictures  of  the  hydraulic-sluicing  operations  which 
are  transforming  the  topography  of  the  city  of  Seattle,  Washingtonj  by 
deep  excavations  and  high  embankments. 
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The  Bowman  Back-fill  Dam.^Renewed  interest  is  being  taken  in 
the  old  rock-fill  dams  of  the  Sierra  Nevada  Mountains,  in  Northern 
California,  built  originally  to  store  water  for  hydraulic  mining,  because 
they  are  becoming  valuable  for  the  double  uses  of  generating  power  and 
afTordirig  domestic  and  irrigation  supply  to  the  valley  below.  The  Bow- 
man dam,  described  on  page  65,  and  outlined  by  cross-sections,  Fig,  44, 
is  more  clearly  illustrated  in  its  situation  and  construction  by  Figs.  336, 
337,  338,  339,  and  340. 

The  dam  was  first  built  as  a  timber  structure,  prior  to  1869,  as  showa 
by  the  cross-section,  Fig,  44,  In  that  year  work  began  by  which  it 
was  raised  to  a  total  height  of  63  feet,  and  when  finished  it  contained 
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17,000  cubic  yards  of  stone  filling,  33,000  lineal  feet  of  hea\y  timber, 
and  63,000  feet,  B»  M*.  of  three-inch  plank.  It  was  actually  designed 
to  carr>^  flood  water  over  its  crest  to  a  depth  of  3  feet  for  a  length  of 
300  feet  in  emergency.  The  main  spill-way,  however,  is  an  entirely 
separate  structure,  as  described  later.  Before  this  work  was  finally 
completed  it  was  destroyed  by  fire,  October  12,  IS71,  and  again  damaged, 
or  practically  destroyed,  by  flood  at  the  end  of  the  same  yean  In  1S7*? 
it  was  rebuilt  to  a  height  of  65  feet,  after  the  same  plan  as  before,  with 
flash-boards  on  the  crest  ^  raising  its  height  to  a  total  of  72  feet.  The 
final  increase  in  height  was  made,  and  the  dam  completed  as  it  now 
stands,  December  10,  1876,  Its  height  has  always  been  called  100  feet 
in  round  numbers,  but  its  actual  measure  is  06  feet  at  the  highest  point. 
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The  present  dam  contains  a  great  deal  of  the  old  timber  struetune  at 
the  bottom  unbumed  in  the  fire*  The  upper  part  of  the  timber  faring 
differs  from  the  old  design  in  that  the  incUned  posts  on  whit-h  the  plank 
ekin  is  spiked  are  not  parts  of  timber  l>ents,  but  are  merely  embedded 
into  the  face  of  the  rock-fill  and  anchored  back  into  the  roek,  so  that 
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the  first  layer  of  plank  is  placed  horizontally  and  not  vertically  as  before. 

At  the  base  the  3-inch  plank  are  in  three  layers:  at  the  top  is  but  one 
layer.  The  plank  faring  of  the  lower  half  of  the  dam,  laid  in  1S76,  is 
still  serviceable  after  thirty-two  years  of  wear.  The  upper  half  of  the 
planking  has  l>een  replaced  once*  Since  the  dam  was  built,  in  1876, 
there  has  been  a  Bag  in  its  center  amounting  to  about  12  inches,  due  to 
the  decay  of  the  timber  in  the  cribs  and  the  settlement  of  the  rock. 
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naaximum  depth  of  62.5  foet  by  a  tunnel,  at  whirh  level  the  lake  is  26.7 
acrfti  in  area.     The  capacity  is  thei'efore  al>out  3400  acre-feet. 

The  geological  formation  at  the  dam-site  is  verj*  unusual  and  inter- 
esting. There  had  been  a  stream  whose  bed  was  filled  to  a  considerable 
depth  with  auriferous  gravel.  A  subsequent  lava  flow  crossed  the  stream 
forming  a  natural  dam  and  creating  a  lake  the  outlet  to  which  wore  do\^Ti 
a  channel  into  the  lava,  but  not  cutting  entirely  through  it  to  the  gravel. 
It  is  in  this  basaltic  formation  that  the  dam  is  built.  The  reservoir 
outlet  is  through  a  tunnel,  some  500  feet  long,  excavated  chiefly  through 
the  gravel  lieneath  the  lava  flow.  This  tunnel  tapped  the  lake  at  a 
depth  of  62,5  feet  l>elow  tlie  spillway  level  of  the  present  dam.  At  its 
extreme  end,  before  entering  the  lake,  the  tunnel  reached  the  granite 
bed-rock. 

The  new  dam  was  liuilt  to  replace  an  alKtnnbcr  dam  of  the  same 
height^  the  main  posts  of  which  inclined  at  an  angle  of  29^  from  the 
faorizooial,  and  were  each  supported  by  five  struts,  equally  spaced  against 
the  posts,  at  angles  of  44^,  47*^,  52^,  57^,  and  60*^.  The  posts  have  bolted 
^o  them  six  horizontal  stringers,  each  12''X16",  spaced  alxmt  4  feet 
apart,  over  which  a  single  layer  of  3-inch  plank  is  spiked  in  a  verticij 
direction. 

The  English  Bam. — On  pp.  63-64  the  high  rock-fill  structure  known 
as  the  English  Dam  is  described,  with  an  account  of  the  bursting  and 
destruction  of  the  main  dam,  the  central  one  of  three  whicli  formetl  the 
reservoir.  Figs.  346^  347,  and  348  illustrate  the  style  of  construction 
and  present  condition  of  the  principal  one  of  the  two  renmining 
dams. 

These  dams  were  first  built  for  mining  purposes  in  1S56,  enlarged  in 
1876  to  their  present  height,  and  destroyed  by  flood  in  1883,  The 
reservoir  has  since  been  out  of  service,  ns  the  missing  dam  has  not  since 
been  rebuilt,  although  the  other  two  are  capable  of  being  restored  to 
usefulness  at  moderate  expense.  The  middle  dam,  which  failed,  was  a 
rock-fill  with  up-stream  slope  of  60*^  and  down-stream  slope  of  40^.  In 
making  the  addition  in  1876  the  new  work  consi.'^ted  of  a  dry  rock  wall 
on  the  down->stream  side,  surfaced  on  the  exterior  with  large  blocks  of 
split  granite  well  laid  in  a  wall  of  substantial  ccms traction*  Unfortu- 
nately the  funds  gave  out  before  completion  of  this  work  as  planned, 
and  the  rock  work  was  stopped  16  feet  below  the  proposed  crest.  The 
top  was  then  formed  by  the  extension  of  the  plank  facing,  the  inclined 
posts  of  the  face  being  supported  by  struts  resting  on  top  of  the  uncom- 
pleted drj'-stone  embankment.  As  there  was  a  splice  in  these  inclined 
posts  at  the  point  where  the  rock-fill  stopped  a  line  of  weakness  was  thus 
made  at  the  toe  of  the  rafter  dam.  When  the  dam  failed  the  water  was 
within  a  foot  or  two  of  the  top,  and  the  real  cause  of  tlie  failure  is  now 
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attributed  to  the  lack  of  strength  in  the  top  structure  of  wood,  rather 
than  in  the  roek-fiJI,  or  to  the  use  of  dynamite.  It  is  not  to  be  wondered 
at  that  a  fence  of  that  slender  character  should  collapse  under  water 
pressure. 

The  existing  dams  both  have  a  crest  extension  of  wood,  6  feet  high,  of 
similar  const  rue  tion,  (See  Figs.  346  and  347*)  This  is  also  well  illustrated 
by  Fig.  348,  showing  the  dry  wail  laid  up  on  the  down-stream  face. 
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Fig.  348. — The  Down-stkeam  Facis'«  of  the  ExfjLisH  Lake  Dam*  coNsmTiNG  of  A 
Hand*i.aid  dhy  Wall  m  well  Illustrated  by  this  Fhotografh. 

The  Lake  Frances  Dam.— All  of  the  photographs  accompanying  the 
description  of  the  Lake  Frances  hydraulic-fill  dam  on  pp*  115  to  125 
were  taken  during  construction  and  before  it^  final  completion-  Fig,  349, 
however,  is  a  recent  view  taken  in  1907,  showing  the  finished  dam  in 
service.  In  the  foreground  is  seen  a  secondary  spillway  and  controlling- 
gates,  added  since  the  dam  was  completed.  This  is  a  wooden  flume, 
16  feet  wide,  6  feet  deep  l>elow  the  water-line,  the  apparent  object  of 
which  was  to  allow  them  to  begin  wasting  water  before  the  lake  filled 
to  its  full  depth  at  t!ie  main  spill wa}^  level. 

Hydraulic  Sluicing  in  Seattle,  Wash. — The  precipitous  character  of 
the  topography  of  Seattle  is  unfavorable  to  the  creation  of  practicable 
grades  for  streets  without  heroic  reconstruction  and  modification-  As 
the  geological  formation  of  the  peninsula  is  entirely  alluvial  in  character, 
consisting  of  clay  or  moraine  gravel,  left  by  glacial  action,  it  is  feasible 
to  accomplish  extensive  excavations  and  embankments  by  hydraulic 
sluicing  at  a  more  moderate  coet  than  by  any  other  method-    As  the 
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appliances  that  have  been  used  on  this  work,  which  has  been  in  progress 
several  years,  and  the  methods  that  have  been  evolved  have  a  direct  bearing 
upon  the  conatruction  of  hydraulic-fill  dams  by  the  same  agency,  they 
are  of  very  positive  interest,  and  the  illustrations  in  Figs*  350,  351,  352, 
353,  and  354  are  most  acceptable  additions  to  this  book. 


Fig.  351, — The  Hopkirk:  Pipe,  after  Six  and  one  half  Months  Wear  on  20% 

QeadKi  in  Seattle. 

Cuts  more  than  150  feet  deep,  and  eml>ankments  40  to  50  feet  high, 
have  been  made  and  are  still  being  planned. 

The  general  plana  for  the  regradln^  of  the  city  are  comprehensive 
and  of  broad  scope.  They  are  quite  fully  set  forth  in  the  Engineering 
Record  for  May  9  and  16,  1908.  Contracts  for  the  removal  of  5,000,000 
eubic  yards  have  already  been  completed,  while  contracts  for  the  removal 
of  11,000,000  cubic  yards  additional  have  been  awarded  and  are  to  be 
completed  before  the  spring  of  1010,  A  further  quantity  of  11,000.000 
cubic  yards  will  be  removed  by  contracts  shortly  to  be  let.  Practically 
all  of  this  work  has  been  or  is  to  be  done  by  hydraulic  sluicing. 
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The  Lewis  Construction  Company  of  Seattle,  Washington,  has  had 
a  work  that  was  unique  in  that  it  was  applied  to  the  grading  of  a  hill 
close  to  the  heart  of  the  City  of  Seattle  and  to  the  filling  in  of  the  tide 
lands,  of  which  there  is  a  great  area  at  the  foot  of  the  city*  The  methods 
used  in  this  work  were  very  much  the  same  as  in  other  hydraulic  exca- 
vations previously  mentioned. 

Their  pit  was  120  feet  above  the  level  of  the  tide  lands,  which  at 
high  tide  were  covered  with  10  or  12  feet  of  water,  and  was  situated  at 
a  distance  of  3000  tu  5500  feet  from  the  fill*     While  the  surface  of  thc> 
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Fig.  r>^2.  -The  KEOiiADisfG  of  JACKaoN  Street*  Seattle^  looking  No^th  on  Mat* 
HARD  Street.    The  Houses  are  remove[>  joiit  beforj;  TauT  ark  Undermined, 


hill  consisted  mostly  of  sand  and  gravel,  some  few  feet  from  the  top  a 
difficult  bank  of  hard  blue  €lay  was  encountered*  In  spite  of  this  com- 
plication from  500  to  2000  cubic  yards  of  earth  were  sluiced  out  each 
twenty-four  hours,  using  from  2.000,000  to  8,000,000  gallons  of  w^ater. 
The  water  was  carried  from  a  reservoir  situated  more  than  half  a  mile 
from  the  work.  The  grade  was  such,  however,  that  it  gave  60  to  80 
pounds  pressure.  The  spoil  was  carried  by  the  Hopkirk  Patent  Pipe. 
This  is  a  stave  wooden  pipe  with  a  reinforced  bottom  which  can  be 
renewed  when  worn  out.  The  reinforced  bottom  is  made  of  fir  with  tho 
end  grain  of  the  wood  faced  so  ea  to  withstand  the  wear  of  the  spoiL 
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Eighteen,  twenty,  an.l  twenty-two-inch  pipe  were  used.  It  has  been 
e8timate<l  that  the  life  of  this  pipe  is  many  times  that  of  cast  iron  or 
any  other  pipe.  The  patent  is  owne<l  by  the  Hopkirk  Patent  Pipe  Com- 
pany of  Seattle.  Washington.  The  Lewis  Construction  Company  are 
heavy  shareholders  in  the  company.  No.  2  giants  with  tips  varying 
from  3  inches  to  4  inches  were  use<i.  The  average  ratio  of  solids  to 
wat?r  ased  on  the  entire  job  was  about  5*^..  The  total  number  of  cubic 
yards  of  this  work  was  S68.454. 

This  work  was  accomplishe<i  so  successfully  and  so  inexpensively  as 
compared  with  any  other  metho<i  that  similar  regrade  projects  have 
l>een  undertaken  by  the  City  of  Seattle.  The  first  of  these,  the  Jackson 
Regrade  Project,  involved  the  moving  of  3.4(X).<)(X)  cubic  yards  of  earth. 
It  was  let  tr)  I^ewis  &  Wiley,  Inc..  successors  to  the  Lewis  Construction 
Company,  at  a  contract  price  of  25  cents  per  yard.  This  contract  in- 
volved the  cutting  down  in  one  section  and  the  filling  in  another  of  a 
district  comprising  sixty-eight  city  blocks. 

The  second  project,  known  as  the  Denny  Hill  Regrade,  involves  the 
cutting  of  5,600.0(K)  yards  from  Denny  Hill  and  wasting  it  in  deep  water 
in  the  harbor.  This  contract  was  let  at  a  price  of  27  cents  per  cubic 
yard  to  the  Rainier  Development  Company,  in  which  Messrs.  Lewis  & 
Wiley  have  the  controlling  interest. 

The  third  project  is  known  as  the  Dearborn  Street  Regrade  and 
contemplates  the  moving  of  about  3,(XX),000  yards,  but  the  contract  has 
not  yet  l>een  let. 

In  carrying  out  the  later  contracts  the  Lewis  Construction  Company 
have  changed  their  water-supply  from  fresh  to  salt  water,  and  are  pumping 
salt  water  from  the  bay  for  sluicing  purposes  Uy  the  extent  of  12,000,000 
gall«>iis  in  twenty-four  hours,  or  IS.O  cubic  f(H't  |>or  second.  The  pumps 
consist  of  two  pairs  of  lO-indi.  five-stage  \Vnrthino:ton  turbine-pumps, 
dcjliverin^  the  water  ajrain.-t  a  head  of  .'^To  ft^et.  Kach  pair  of  pumps  is 
driven  by  a  (ioO  horse-powcir  electric  motor. 

On  tli(?  Denny  Hill  work  a  second  punipinp:-station  was  installed  for  deliv- 
ering salt  water  to  the  hydraulic  pjiants  to  the  extent  of  S50()  gallons  per 
niirnite  (IS.S  second-feet ).  delivererl  afijainst  a  maximum  head  of  400  feet. 

The  Milner  Dam,  Idaho. — The  photograph  shown  in  Fig.  355  gives  a 
mr)re  com|>reliensive  picture  of  the  three  combination  dams  descril>ed 
on  pa^(»  r»()  than  any  of  the  other  illustrations  accom|>anying  the  article 
(see  Figs.  -17  to  53),  and  will  therefore  acl«l  to  the  interest  in  these  im- 
portant and  sur'ces-;ful  dams. 

The  Walnut  Grove  Dam,  Arizona.— The  ill-fated  rock-fill  dam  on  the 
Ilas^ayampa  river  in  Arizona,  described  on  papje  53,  et  seq.,  has  never 
been  depicted  by  photographic  illustration  in  any  of  the  published 
accounts  of  it  that  have  yet  appeared.     The  author  accidentally  found 
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the  arrompanyinff  picture  in  Phrenix  ami  w  zlail  to  a<M  it  to  the  collec* 
tion. 

The  dark  :aprjt  iinrler  the  renter  of  the  <lam  w  evidently  a  <ieep  hole 
excavaterl  in  the  :^anfly  he^l  of  the  canyon  by  water  that  ha.s  pa:?8ed 
throu^  the  wo<j<len  outlet  culvert,  whose  uni»upp*irteii  end  i>verhan^ 
the  vertical  hank  of  the  pit.  The  picture  sh^wj*  no  .-spillway— a  fatal 
defect — which  wan  only  partially  reme«lieil  when  the  flood  came  which 
overtopperl  the  dam  an<l  cau.'sefl  itrf  rupture. 

The  rej*ervoir-?»iTe  is  such  an  excellent  one,  and  the  watershed  area 
aViove  it  so  exrensive  that  the  restoration  of  the  dam  will  surely  heconae 
necesflar\'  and  profitable  cl^.  a  factor  in  the  development  of  Arizona  in 
the  course  of  time. 

The  Granite  Reef  Dam,  Arizona. — (juite  as  important  to  the  irrigators 
of  Salt  River  \'alley,  Arizona,  a.s  the  Ri>osevelt  .Sti:)rage  dam  under  con- 
gtruction  in  the  mountains,  is  the  smaller  stnicture  recently  completed 
by  the  U.  3.  Reclamation  Service  ff)r  the  diversion  of  the  waters  of  Salt 
river  into  the  canals  on  either  side  of  the  river  by  which  all  stored  water 
will  be  controlled  and  turned  into  the  channel  of  service.  The  Granite 
Reef  dam  was  built  V)y  force  account  by  authority  given  July  26.  1906, 
and  was  be^n  in  Dctol^ier  of  the  same  year.  It  was  finally  completed 
and  put  into  service  in  May,  1008.  It  is  a  concrete  structure  of  ogee 
form,  1000  feet  long,  2f)  feet  high,  resting  for  the  most  part  on  ranforced 
concrete  piers,  apacerl  20  feet  apart,  center  to  center,  parallel  with  the 
stream,  with  thin  concrete  curtain  walls,  also  reinforced,  at  the  up- 
stream and  down-stream  tries  of  the  dam.  These  walls,  as  well  as  the 
piers,  rest  on  ^>efl-rork.  They  form  cells  about  32'X20'  in  size,  solidly 
fillefl  with  sand  l>eneath  the  dam.  Bedrr>ck  was  found  throughout  the 
entire  len^h  r>f  thf  rlam  fxrcpt  about  320  feet  south  of  the  center  of  the 
channel,  where  the  dam  r^sts  on  gravel,  with  sheet  piling  carried  down  a 
considerable  depth.  sufFicicnt  to  lye  considered  Va-  the  engineers  quite  safe 
from  the  danger  of  undfrmining.  Over  the  distance  where  bedrock  was 
not  reached  an  apron  of  concrete  75  feet  wide.  IS  inches  thick,  resting  on 
dry  riick  filUnfr,  41  feet  thick,  was  built,  with  a  curtain  wall  12  feet  deep 
at  outer  edge. 

The  picture,  kindly  .supplied  by  James  Wm.  Martin,  C.  E.,  engineer  in 
charge  of  construction,  under  I^wis  C.  Hill,  Supervising  Engineer,  Fig. 
357.  shows  clearly  the  arranjrement  <t{  the  intake  gates  and  canal  head- 
works  on  either  side  of  the  river.  Sluiceways  have  been  provided  through 
the  dam  at  eacli  end  for  the  purpose  of  wa.<hing  out  accumulated  sand 
and  maintaining  a  channel  in  front  of  the  canal  headgates. 

The  Hinckston  Run  Dam,  Pennsylvania.— This  dam,  located  three 
miles  east  of  Johnstown,  Penn.,  on  Hinckston  Run,  was  built  in»1904 
as  a  f)art  of  the  water-supply  of  the  Cambria  Steel  Company. 
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It  is  essentially  an  earth  embankment  with  concrete  core-wall  ext^id- 
ing  from  bed-rock  up  to  about  one-third  the  height,  or  45  feet  below  the 
water-line.  The  unique  feature  of  the  dam  is  the  heavy  reinforcement 
ffven  to  it  by  a  backing  of  cinders,  the  waste  product  of  the  blast- 
furnaces of  the  Cambria  Steel  Works.  This  cinder-fiU  is  to  eventually 
^ve  the  dam  a  minimum  crest  width  of  500  feet.  It  is  now  300  feet 
wide  at  the  minimum,  and  1000  feet  at  the  widest  place.  The  illustra- 
tion. Fig.  360r  gives  a  clear  idea  of  the  plan  of  construction.  The  dimezk- 
aions  are  as  follows: 

Top  length 900  feet 

Top  ^idth  of  earth  portion 20    ' ' 

Up-stream  slope 2.2o:l  and  1.75:1 

Height  above  stream-l^)e»i SO      feet 

Maximum  height  of  core- wall 58       *' 

Maximum  height  from  bottom  of  core-wall  to 

crest  of  dam 121.7   *' 

Top  of  core-wall  below  crest 53.7   ** 

The  cut-ofF  wall  of  concrete  is  carriefl  down  deeply  into  the  bed-rock, 
in  a  trench,  in  the  bottom  of  which  2-inch  drill  holes  were  bored  10  to 
16  feet  deep  and  filled  with  cement  grout  under  60  pounds  pressure,  to 
close  all  porous  layers  or  ca\'ities  of  the  rock.  At  the  ground-line  the 
wall  is  20  feet  thick;  at  the  top  it  is  6  feet  thick,  and  at  the  elevation 
of  1348  it  is  finished  off  level  across  the  valley,  and  is  not  carried  further 
up  the  slopes.  It  is  enveloped  in  puddle  clay  which  is  carried  up  as  a 
core-wall  through  the  earth  embankment,  carrj-ing  the  concrete  in  its 
center  part  way.  Outside  of  the  puddle  wall  the  up-stream  portion  of 
the  embankment  is  all  made  of  selected  earth,  while  the  down-stream 
side  is  chiefly  farmed  of  cinder. 

This  cinder  rnatfrial  was  transported  from  the  furnaces  to  the  dam, 
a  distance  of  thrcf;  miles,  in  dump-cars,  by  rail.  The  road  is  standard 
gauge,  owned  and  operated  liy  the  steel  company.  The  cars  are  of 
50-tons  ca[>acity,  of  the  hopper-br)ttom  type.  The  cinder  was  dumped 
freely  without  effort  to  compact  it,  and  when  dumf)ed  from  the  cars  it 
takes  the  natural  slope  of  gravel,  about  1.5  on  1.  The  earth  and  cinder 
embankments  were  built  up  from  the  base  simultaneously. 

The  cinder  weighs  about  70  pounds  per  cubic  foot,  and  is  chiefly 
compose<l  of  lime,  silica,  and  alumina.  It  is  grayish  white  in  color,  hard, 
somewhat  brittle,  and  air-slakes  when  containing  an  excess  of  lime. 
On  its  delivery  to  the  cars  it  naturally  breaks  into  pieces  a  little  smaller 
than  the  usual  run  of  crusher  stone,  and  with  a  larger  percentage  of  fines. 

On  the  up-stream  slope  below  the  berm  where  cinder  is  used  in  place 
of  rip-rap,  it  was  placed  with  narrow-gauge  dump-cars  and  locomotives. 
It  was  spread  on  the  slope  by  four  men  with  a  team  and  plank-scraper» 
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A  cinder-fill  of  500  feet  width  was  considered  as  an  essential  part  of  the 
dam,  but  all  excess  of  width  beyond  500  feet  was  made  mer^  as  a» 
convenient  waste  dump. 

The  cost  of  the  dam,  including  hi^wajrs,  watchman^s  honse^ 
etc.,  was  about  $500,000.    The  resenrdr  has  a  capacity  of  3130 
feet,  and  is  supplied  by  the  drainage  from  an  area  of  10.75  square 
The  annual  rainfall  is  about  40  inches. 

OuUeU. — The  outlets  consist  of  two  40-inch  cast-iron  pipes,  laid 
by  side  on  a  concrete  base,  resting  on  bed-rock.    These  pipes 
entirely  through  the  dam  from  the  intake  tower  in  the  reservoir  to  tha 
outlet  gate-house,  900  feet  down  stream. 

The  intake  tower  is  of  novel  design  and  is  made  of  riveted 
plates.    It  is  23  feet  in  diameter  at  the  base,  19  feet  at  the  top,  and 
lined  with  concrete.    It  is  provided  with  square  outlets  from  the 
Tcnr,  at  three  different  levels,  each  being  closed  by  sluice-valvoa. 
gate-house  below  the  dam  contains  two  40-inch  valves,  one  for 
pipe,  Trith  by-pass  connection  from  each  to  the  24-inch  cast-iron  i 
pipe  leading  to  the  steel  works. 

SjnUway. — ^The  spillway  is  excavated  in  rock,  8  feet  deep,  90 
wide,  and  extends  for  100  feet  down  stream  from  the  danL 

The  Necaxa  Dam. — ^Fig.  361  is  a  photograph  taken  July  1,  ISQB,  of 
the  hydraulic-fin  dam  at  Necaxa,  Mexico,  and  is  inserted  in  this  diapler 
of  Miscellany  because  it  is  the  latest  and  best  picture  yet  obtained  of 
the  work.  It  conveys  a  better  idea  than  all  others  of  the  magnitude 
of  the  work.  The  pond  in  the  picture  is  a  miniature  lake  on  top  of  the 
dam,  the  width  of  which  at  the  height  here  shown  is  not  less  than  500 
feet.    The  dam  at  that  time  was  about  100  feet  high. 

The  Esperanza  Dam,  Mexico. — The  Esperanza  dam  is  a  modem 
structure  designed  and  built  by  a  Mexican  engineer  named  Ponciano 
Aguilar,  for  impoun<linf5  a  domestic  water-supply  for  the  city  of  Guana* 
juato.  The  dam  is  built  of  rubble  masonrj-,  straight  in  plan,  and  of  the 
following  dimensions: 

Ixjngth  on  crest 580      feet 

Thickness  at  crest 19.7   " 

Thickness  at  base 75. 7   " 

Maximum  height 137.5    *' 

Cubic  contents 55,000  cu.  yds. 

An  excellent  general  view  of  the  dam  and  its  reservoir  of  462  acres 
is  given  by  the  accompanying  cut.  Fig.  362,  which  shows  the  three 
buttresses,  each  9.87  feet  square,  which  extend  from  bottom  to  top. 
These  were  designed  as  an  ornamental  feature,  primarily,  but  serve  to 
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add  somewhat  to  the  stability  of  the  structure-  They  certainly  are 
effective  from  an  architectural  point  of  view.  Fig,  363  conveys  a  still 
better  idea  of  the  details  of  the  ornamentation  given  to  the  dam  by  the 
trimmings  of  these  buttresses,  and  the  decorative  cornice  in  cut  stone. 

The  cementing  material  exclusively  used  in  building  the  dam  was 
lime  burned  in  the  vicinity  and  having  some  hydrauHc  properties.     The 
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dam  shows  considerable  leakage,  estimated  at  0.4  cubic  feet  per  second^ 
which  has  precipitated  white  hydrate  of  lime  on  the  exterior  face. 

The  dam  is  supposed  to  have  cost  but  160,000  pesos  (SSO.OOO  U.  S. 
gold),  which  appears  a  ridiculously  inadequate  figure  wlien  it  is  known 
that  its  cubic  contents  are  55,000  cubic  yards.  The  reservoir  has  a 
capacity  cf  16,200  aere-feetj  covering  462  acres. 

SpUhvaij, — The  spillway  is  located  at  the  south  end,  or  left  bank, 
and  is  stated  to  have  a  capacity  of  1765  second- feet.  Its  discharge  end 
is  shown  by  Fig.  364.     It  passes  through  the  dam  by  a  channel  which  is 
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Pia.  365, — The  Sfuxway  Channel  of  the  EsperaNza  Dam^  at  rns  LVper  End^ 

BHOWtNGOBSTRUCTlOKaToFREE  UiaCHAKGB  BY  PlFlt.S  aUPPORTlNG  ROABWAY. 


Fia.  366  —The  Six  Outlet  Pipes  anh  H  .  1 1   v  m  vf.h  op  thk  Esperanza  Dam, 
BEFORE  Connection  with  Want  Maimii  of  City. 
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somewhat  obstructed  by  the  masonry  piers  supporting  the  roadway  on 
the  top  of  the  dam,  as  seen  in  Fig.  365, 

The  watershed  above  the  dam  has  an  area  of  95  square  niiles.  The 
normal  annual  rainfaO  ig  23.5  inches^  falling  during  the  rainy  season  of 
three  months.  In  computing  the  capacity  of  the  spillway  a  maximum 
rainfall  of  2,35  inches  per  hour  for  one  and  one-half  hours  was 
assumed. 

The  outlet-gate^  of  the  reservoir  are  mx  in  number,  located  untler  the 
buttresses.  They  each  have  a  clear  diameter  of  284  inches,  and  are 
controlled  hy  gate-valves  operated  by  hand  windla^sses,  as  shown  by 
Fig.  366,  They  are  in  sets  of  three,  each  set  being  attached  to  one  of 
two  wrought-irfm  pij^es,  4  feet  6  inches  In  diameter,  which  pass  through 
the  masonry  of  the  dam. 

The  gates  are  wholly  unprotected,  except  by  a  light  w^ooden  plat- 
form which  serves  merely  as^  a  means  of  access  to  the  operating  mechan- 
ism* Any  injury  to  the  gates  would  have  disastrous  consequencesj  as 
they  cannot  be  repaired  or  adjusted  except  by  wholly  emptying  the 
reservoir, 

The  small  pipe  shown  in  the  angle  between  the  buttress  and  the  dam 
IS  a  cast-iron  pipe  15i  inches  outside  diameter,  which  passes  through  a 
tunnel  in  the  dam  to  a  standpipe  in  the  reser\^oin  This  standpipe  has 
seven  openings  from  the  reservoir,  at  varying  levels,  each  controlled  by 
a  separate  valve  which  k  operated  by  mechanism  mounted  on  a  tower 
reached  by  a  bridge  from  the  center  of  the  dam.  This  appears  to  be 
the  nuiin  supply-pipe  to  the  city,  and  its  exposed  condition  is  a  matter 
of  remark. 

The  OUa  Hesenroirs. — The  two  dams  of  masonry  forming  what  are 
known  as  the  OUa  Reservoirs,  in  the  neighborhood  of  Guanajuato,  are 
but  half  a  mile  apart  on  the  same  stream,  in  a  canyon  with  precipitous 
sides,  and  limited  catchment  area.  The  reservoirs  are  used  chiefly  for 
sewer  flushing  in  the  city  and  irrigation  below.  The  banks  of  the  reser- 
voir are  parked  and  ornamented,  and  serve  as  the  pleasure  ground  of  the 
people  of  the  city,     (See  frontispiece.) 

Fig*  367  is  a  distant  view  of  the  Upper  011a  dam,  while  Fig.  368 
show^  the  Lower  dam,  both  of  which  combine  many  architectural  effects 
with  their  utility  as  storage  dams.  The  crest  of  each  serves  as  a  prome- 
nade as  w^ell  as  a  flood-discharge  spillway.  A  small  volume  of  water 
wasting  passes  under  the  footway  without  flooding  the  crest,  while  a 
larger  discharge  passes  over  the  footway.  In  either  event  the  waste 
waters  pass  into  a  pit  close  to  the  down-stream  toe  of  the  dam,  and  out 
through  a  tunnel  under  the  park  to  a  lower  point  of  discharge  into  the 
stream-bed- 

The  arched  and  aqueduct4ike  appearance  of  the  face  of  the  dam  is 


Fig.  3C9* — Spii.lwat  CB^NfrEL  of  thb  Loiter  Olla  Dam,  Guanajitato,  Mexico. 

The  San  Jose  Dam,  San  Luis  Potosi,  Mexico. — la  1901,  at  the  time 
the  photographs  shown  in  Figa.  371,  372,  373,  374,  and  375  were  taken, 
a  private  company  was  engaged  in  building  a  high  masonry  dam  for  the 
storage  of  water  to  supply  the  city  of  San  Luis  Potosi  and  to  iirigate 
land  in  its  vicinity.  The  city  is  a  stockholder  in  this  corporation^*  The 
dam  as  subsequently  completed  has  an  extreme  length  on  the  cr^t  of 
592  feet,  and  a  maximum  height  of  151  feet  from  the  lowest  foundation 
to  the  crest,  or  110  feet  from  the  stream-bed  to  the  top.  Its  thickness 
at  the  base  is  128  feet,  and  at  the  crest  about  15  feet. 

The  profile  is  that  of  the  Crugnola  type,  with  a  vertical  curve  near 


MfSCELLAXEOUS. 


5:i3 


the  dam,  and  consist  of  channeb  formed  in  part  by  excavation  into  the 
rock  of  the  mountain  side  and  in  part  by  building  up  masonry  walb 
parallel  to  the  course  of  the  valley.  These  channels  carry  the  water  far 
enough  down  stream  to  avoid  interference  with  the  toe  of  the  dam* 
These  spillways  are  tapered  in  width  from  the  dam  down  stream.  The 
one  on  the  left  bank  is  95  feet  wide  at  the  dam  and  tapers  to  52  feet  in  a 
distance  of  120  feet  from  the  face  of  the  dam.     The  spillway  on  the  right 
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Fig.  371. — Gekbhax-End  View  of  the  Presa  de  San  Jose  at  San  Luk  Poroai,  while 
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bank  has  a  maximum  width  of  86  feet,  tapering  to  36  feet  in  a  length 
of  65  feet.  The  supporting  side  wall  of  the  larger  spillway  is  shown  in 
Fig.  373.^ 

The  depth  of  these  channels  is  about  2  metres.  The  area  of  water- 
shed drained  above  the  reser\'oir  is  67.5  square  miles.  The  capacity  of 
the  resen^oir  Is  7,526,000  cubic  metres,  or  6100  acre-feet.  lU  surface 
area  at  the  spillway  level  is  185  acres,  and  its  mean  depth  32.S  feet. 

The  dam  is  provided  with  two  gate  towers,  or  buttresses,  on  the  down- 
stream face,  which  are  of  a  peculiarly  elaborate  and  ornate  character, 
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adding  to  the  architectural  effect.  The  lower  part  of  one  of  the^^  is 
ghown  in  Fig.  372.  They  are  miLssive  and  of  generous  dimensions.  Ooe 
of  them  was  designed  to  be  surmounted  by  a  statue  of  a  lion  on  a  pedastaL 
The  dam  wa^  designed  and  started  in  1896,  and  was  completed  siBce 
1902,  as  it  is  reported  to  have  been  in  service  for  several  years.  The 
eng^eer  of  this  notable  structure  was  Senor  Sebastian  Rey^. 


Fio,  372. — One  of  the  Two  (iai^-bodj*e8  of  the  San  Josk  Dam^  San  Luis  Potobi, 

Mexico, 


The  reservoir  has  been  filled  several  times>  but  as  the  distributing- 
pipe  system  in  the  city  of  San  Luia  Potosi  is  still  under  construction,  the 
water  is  not  yet  utilized  for  domestic  supply  except  in  very  small  quan- 
titieSj  but  is  used  for  irrigation.  In  a  report  submitted  to  the  Govern- 
ment by  the  engineer  it  was  estimated  that  the  supply  from  this  source 
would  not  only  furnish  the  city  with  domestic  water  but  would  also 
irrigate  2642  hectares  (6525  acres)  of  valley  land. 

Sefior  Luis  S,  Cuevas,  an  engineer  of  San  Luis  Potoai,  has  kindly 
supplied  the  data  as  to  the  present  condition  of  the  dam,  from  which  it 
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IS  learned  that  the  masonry  has  proven  to  be  absolutely  water- tight, 
and  the  dam  withstands  the  strains  of  water  pressure  without  evidence 
of  weakness. 


Fia.  373, — Looking  AiiOwa  thk  Facij  op  this  San  J  oak  Dam,  at  San  Luis  FoTOfii*. 
SHowiNa  Facb  of  Waix  Supporting  Side  op  Principal  Sfiu^wav. 

The  Santo  Amaro  Dam,  EraiiL — At  the  end  cf  I.Iay,  1908,  there 
remained  but  1S,GC0  cubic  yards  of  this  great  dam  to  complete  it,  out 
of  a  tolal  of  737,539  cubic  yards.  The  photofxaph,  Fig.  376,  was  taken 
March  3d^  from  practically  the  same  point  of  view  as  Fig,  105,  page  146, 
and  shows  the  dam  well  along  toward  completion.  The  progress  made 
in  the  construction  of  this  dam  as  summarized  in  the  semi-monthly  reports, 
constitutes  a  most  interesting  record  of  that  class  of  work,  which  is  here 
presented  in  tabulated  form,  as  the  most  complete  and  continuous  record 
of  the  work  accomplished  by  a  given  quantity  of  water  in  hydraulia 
sluicing  that  has  even  been  published: 
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the  elevator  pipe  was  placed  with  a  jet  of  water  added  from  the  main 
pump,  which  raised  the  stream  carrj'ing  earth  in  suspension  and  deposited 
it  into  the  flume,  some  25  feet  higher. 

The  remarkable  picture  shown  in  Fig*  377  is  the  best  possible  demon- 
stration of  the  effect  of  hydraulic  sluicing  in  the  segregation  of  pure  clay 
from  a  mass  of  coarser  materials,  and  its  deposit  in  a  condition  of  stable 
Bolidity  within  a  short  time.  It  is  a  picture  of  the  clay  core  of  the  Santo 
Amaro  dam  accidentally  exposed  to  view  by  a  break  in  one  of  the  lateral 
levees,  the  effect  of  which  was  to  empty  the  pond  on  the  dam  and  wash 
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Fm.  577. — Illustrating  tbb  Compact  Character  of  the  Clay  Core  of  the  SANTt> 
Amaro  Dam,  AcaDEHTALLV  KrFofiSB  to  View  by  a  Break  from  the  Ponu 
ON  Top  op  trm  Dam, 

away  the  levee  and  its  supporting  base  of  coarser  material  for  a  distance 
of  about  50  feet.  The  break,  which  occurred  in  the  up-stream  slope^ 
causied  the  loss  of  400  cubic  yards  of  material,  but  the  demonstration  of 
the  stability  of  the  clay  core,  none  of  which  had  been  deposited  three 
months,  and  some  of  it  but  a  few  days,  was  worth  far  more  than  the 
loss.  The  clay  as  ejcposed  was  left  standing  almost  vertically,  and  it 
had  successfully  withstood  the  wash  of  water  pouring  over  it  from  the 
emptying  of  a  pond  several  hundred  feet  long,  50  to  60  feet  wide,  and 
2  to  4  feet  deep,  with  comparatively  slight  erosion.  The  break  was 
caused  by  the  saturation  of  the  levee,  built  of  material  brought  in  by 
cars,  whieh^  not  being  sluiced  and  assorted^  the  finer  particles  from  the 


540  RESEBVOiBS  FOB  iBBtGATIOS,  WATKB-FOWBB.  ETC. 

eoaner,  there  was  no  gradation  from  fine  to  coarse,  and  conaequentl y  m 
comparative  lack  of  drainage.  The  break  occurred  on  the  line  of  con- 
tact between  the  sluiced  clay  and  the  material  deposited  by  carsi.  This 
method  of  building  the  levee  was  employed  only  east  of  the  center  of 
the  dam. 

The  conditions  of  solidity  and  maturity  in  the  cby  core  shown  in 
this  case  is  a  most  reassuring  endorsement  of  the  superiority  of  the 
hydraulic  sluicing  method  of  dam  construction. 

A  similar  demonstration  was  made  in  very  much  the  same  manner 
of  the  stable  and  satisfactor>'  condition  of  the  cby  core  of  the  Necaxa 
dam  a  few  months  ago.  The  pond  on  top  of  the  dam  was  accidentally 
emptied  by  a  cutting  down  of  the  overflow  channel,  causing  a  loss  of  a 
quantity  of  soft,  immature  material,  but  showing  a  bank  of  firm  clay 
formed  a  few  feet  beneath  the  surface.  It  is  somewhat  difficult  to 
conceive  of  percolation  through  such  a  mass  of  clay  as  is  usually  segre- 
gated and  assembler!  in  the  center  of  hydraulic-fill  dams  after  it  bns 
matured.  It  must  \)e  even  superior  in  impermeability  to  such  a  puddle 
core  as  was  built  in  the  north  and  south  dikes  of  the  Wachusett  dam, 
which  consisted  of  6-inch  layers  of  fine  loam  soil,  well  sprinkled  and 
rolled.  Recent  experiments  to  determine  the  permeability  of  this  type 
of  earth  or  loam  core  in  an  earth  dam  have  been  made  by  means  of  a 
series  of  pipes  driven  into  the  embankments  of  the  Wachusett  dikes. 
The  results  as  reported  by  the  Engineering  Record,  July  18,  1908,  indi* 
cate  that  while  the  plane  of  saturation  on  the  reservoir  side  of  the  ]')am 
core  was  level  with  the  water  in  the  reser^'oir,  it  dropped  immediately 
below  this  core  to  a  level  slightly  above  the  base  of  the  dam.  Weekly 
measurements  proved  that  the  amount  of  water  draining  out  of  the  d'ke 
was  not  in  oxfcss  of  what  might  he  expected,  as  the  natural  drainage 
from  profipitation  r)ii  tho  area  ()f  the  dike  itself.  No  masonry  or  conciete 
core-wall  ever  Iniilt  in  an  earth  dam  ran  show  better  results  than 
these,  and  U^w  cun  compare  with  them  in  the  absence  of  i)ercolation 
from  the  rescMvoir.  The  dike  type  of  dam  is  undoubtedly  a  reliable 
type,  v.hcn  properly  made  with  suitable  materials,  esi)ecially  where  the 
core  can  ho  sluiced  out  of  the  availahle  material  and  deposited  under 
water. 

A  High  Japanese  Dam. — Fig.  378  is  a  contour  plan  of  a  dam  of  unusual 
height  project cmI  as  a  hydraulic-fill  structure,  to  imp<nmd  water  for 
power  purposes  on  the  Oigawa  river,  in  Japan.  The  ilam  has  been 
planned  hy  J.  M.  I lo wells,  chief  engineer  of  the  Anglo- Japanese  Hydro- 
Klectric  Company,  and  is  to  he  300  feet  in  height  above  the  river-bed 
at  its  up-strsam  toe.  or  325  feet  in  maximum  height.  It  will  occupy  a 
narrow  gorge,  whose  width  at  the  low-water  line  of  the  river  is  200  feet, 
an<l  at  the  crest  of  the  dam  but  700  feet. 


general  plans  of  the  project  for  power  development,  is  shown  in  Fig.  379- 
From  this  section  it  will  be  seen  that  two  concrete  cut-off  walls  are 
proposed  to  be  carried  down  to  bed-rock  through  the  gravel  deposit  of 
the  channel,  both  above  the  center  line.  The  upper  wall  is  to  be  at  the 
down-stream  toe  of  the  temporary  coffer-dam  of  loose  rock,  faced  with 
plank,  which  will  form  the  up-stream  toe  of  the  large  dam. 

On  top  of  the  concrete  wall  a  diaphragm  of  t^heet  steel  plates  is  to  be 
built  to  the  height  of  100  feet,  reaching  to  the  face  of  the  dam  on  the 
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reservoir  side.  This  diaphragm  is  to  be  continued  in  the  form  of  a  water- 
tight asphalt  pavement  up  the  slope  to  the  crest  of  the  dam.  The  core 
of  the  dam  wUl  conBist  of  clay,  while  the  outer  thirds  will  be  formed  of 
rock,  slaty  gravel,  and  sand,  to  be  sluiced  from  an  extensive  deposit  of 
loose  material  of  most  favorable  character,  lying  in  a  high  plateau  or 
valley,  some  200  feet  higher  than  the  top  of  the  dam.  The  contracted 
situation  of  the  dam  compelled  the  adoption  of  side  slopes  of  1.5  on  1 
on  each  side.  The  crest,  however,  will  be  50  feet  higher  than  the  lip 
of  the  spillways.  Fig.  380  is  a  longitudinal  section  through  the  dam- 
site. 

The  dam  will  contain  2,450,000  cubic  yards,  all  of  which,  except  the 
spoil  from  the  tunnels,  will  be  sluiced  into  position.  The  site  is  a  remark- 
ably favorable  one  for  hydraulic- fill  construction,  because  of  the  heavy 
gradients  which  can  be  given  to  the  sluices,  the  superior  quality  of  all 
the  materials,  and  the  abundance  of  water.  The  annual  rainfall 
recorded  at  the  dam-site  for  eight  years  averages  1L7  feet,  with  a  maxi- 
mum of  nearly  16  feet. 

Dixvillet  N.  H.,  Earth  Dam. — A  dam  of  novel  type  is  under  con- 
struction to  be  completed  in  the  current  year  of  1908,  at  Dixville,  New 
Hampshire*  It  is  built  of  earth  ^ith  reinforced  concrete  core-wall  rest- 
ing on  steel  sheet  piling.  The  dimensions  given  in  Engineering  Eecordf 
April  25,  1908,  are  as  follows: 

^laximum  height  * .  . 76  feet 

Top  width ,,. 25   '* 

Length  on  crest , , 500   " 

Up-stream  slope  .  • , .  * 2  on  1 

Do  vn-iitream  slope. ..,..,..,.. 14  on  1 

The  structure  when  completed  will  contain  80,000  cubic  j'ards,  and 
about  S500  cubic  yartis  of  reinforced  concrete.  The  sheet  piling  waa 
driven  to  depths  of  10  to  32  feet  in  the  bottom  of  a  6-foot  trench.  The 
tops  of  the  piles  were  incorporated  into  the  bottom  of  the  concrete  core- 
w^all,  which  w^as  made  3  feet  thick  at  base,  10  inches  thick  at  top.  It 
is  located  3  feet  down  stream  from  the  top  of  the  up-stream  slope.  The 
concrete  cost  about  $4.50  per  cubic  yard  in  place. 

On  the  up-stream  side  of  the  core*wall  is  a  puddled  earth  core, 
20  feet  thick  at  the  base  battering  to  8  feet  at  the  top,  composed  of  a 
mixture  of  clay  and  gravel,  puddled  and  rolled.  All  earth  on  the  upper 
slope  was  put  in  in  layers  6  inches  thick,  thoroughly  rolled  and  com- 
pacted. This  work  showed  a  cost  of  25  cents  per  cubic  yard  by  force 
account.  The  dam  was  built  on  the  plans  of  Arthur  W,  Dudley,  C,E., 
of  Manchester,  N.  H.,  approved  by  ProL  Robert  Fletcher,  of  Dartmouth 
College,  consulting  engineer. 
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Arrowhead  Resenroir  Company^s  Dam,  Little  Bear  Valleyt  Cain 
foraia. — On  page  180  a  brief  description  is  given  of  the  combination 
dam  with  concrete  core^wall  and  earth  which  has  long  been  under  con- 
Btniction  in  the  San  Bernardino  mountains.  An  illustrated  account  of 
the  general  project  appears  in  Engineering  Record,  April  4^  1908,  In 
the  following  month  of  August  the  local  press  recorded  the  signing  of  a 
contract  to  add  12  inches  of  concrete  to  the  up-stream  face  of  the 
core-wall  to  stop  the  leakage  taking  place  and  remedy  defects  in  the 
walL 

Leakage  through  Concrete  Core-walls.— An  earth  dam  built  at  Lynn, 
Mass.,  in  1903,  with  a  concrete  core-wall,  has  been  found  to  leak  from 
about  239,000  to  about  448,000  gallons  per  day,  depending  on  the  water- 
level  of  the  basin.  As  described  in  Engineering  Record  of  March  7,  1908, 
the  dam  is  2200  feet  long,  45  feet  high,  52  feet  wide  at  the  crest,  and 
has  a  core-wall  of  concrete  4  feet  8  inches  thick  at  the  top,  9  feet  6  inches 
thick  at  the  bottom.  The  core- wall  contains  22,000  cubic  yards  of  con- 
crete. It  extends  to  a  depth  of  25  feet  below  the  base  of  the  dam.  The 
front  face  of  the  wall  was  plastered  with  a  1 : 1  mortar.  The  core- wall 
was  built  between  two  rows  of  6-inch  sheet  piling,  driven  by  steam- 
hammer  in  the  bottom  of  the  trench  to  a  depth  of  26  feet,  or  about  18 
feet  below  the  bottom  of  the  concrete  wall,  where  the  piles  brought  up 
against  hard  material.  The  earth  in  the  dam  "was  deposited  in  layers 
and  puddled  or  rolled  where  necessa^)^''  The  slopes  of  the  dam  are 
If  on  1  each  side. 

The  fact  that  a  dam  with  a  core^wall  of  the  thickness  described  and 
plastered  as  it  was,  should  leak  is  significant  of  the  unt  rust  worthiness 
of  concifete  or  masonry  core- walls  in  general. 

The  John  Day's  Bam,  California. — This  is  a  concrete  and  earth 
structure  completed  on  the  South  Fork  of  Eel  river,  in  Mendocino 
county,,  California,  in  the  summer  of  1907,  The  concrete  portion  of  the 
dam  18  an  overfall  spillway  section  350  feet  long,  with  an  extreme  height 
of  73  feet.  The  remaining  280  feet  is  an  earth  embankment  having  a 
thin  concrete  core-wall,  resting  partly  on  rock  and  partly  on  a  sandy 
earth  foundation.  The  earth  embankment  is  10  feet  wide  on  top,  and 
has  slopes  of  3  on  1  up  stream  and  2i  on  1  down  stream,  'WTiere  the  core- 
wall  is  on  fhe  rock  it  is  4  feet  thick  at  top,  battering  1:12  on  each  side* 
Where  it  is  on  earth  foundation  it  is  reduced  to  8  inches  thickness, 
reinforced  with  a  diaphragm  of  expanded  metal,  and  resting  on  a  base 
of  concrete  3  feet  wide,  2  feet  thick. 

The  concrete  portion  of  the  dam  is  designed  to  withstand  floods  of 
100,000  second -feet,  or  more,  passing  over  its  crest,  giving  a  depth  of 
overflow  of  20  feet  and  upwards.  The  down-stream  face  of  the  dam 
baa  been  built  in  vertical  and  horizontal  steps,  most  of  which  are  5  feet 
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deposited  along  the  face  of  the  dam  by  means  of  flumes^  and  held  in 
place  by  the  use  of  r'Xl2''  boards,  16  feet  ion^  These  boards,  set  on 
edge,  were  held  in  position  by  stakes  driven  into  the  earth  composing 
the  fill.  Each  tier  of  boards  was  set  so  that  they  lapped,  vertically,  over 
the  next  lower  tier  by  2  inches,  thus  forming  a  backing  for  the  earth 
and  water  to  fill  against.  The  earth  thus  held  was  built  up  on  a  slope 
of  2  on  1.  The  engineer  who  designed  the  plant  and  built  the  dam 
was  Mr.  John  H.  Walzl.  This  method  of  holding  the  slopes  is  known  as 
the  ''shear-board  method,"  and  is  successfully  and  extensively  used  in 
controlling  the  fills  made  of  sluiced  clay  and  sand  in  the  regrading  of 
Seattle,  Wash.,  described  and  illustrated  on  pages  509  to  514  inclusive. 
Bulkheads  are  thus  formed  on  average  slopes  as  steep  as  1.5  on  1. 


APPENDIX 

CONTAINING    TABULATED    DATA    OF   THE  COST   OF    RESER- 

VOIR    CONSTRUCTION    PER     ACRE-FOOT     IN    THE 

UNITED  STATES  AND  IN  FOREIGN  COUNTRIES. 


Cost  of  Reservoir  Construction  per  Acre-foot.     American  Reservoirs. 


Name. 


;.M.. 


Sweetwater  dam,  California 
Bear  Valley  dam,         *  * 
Hejin*t  dam,  " 

Es<^Dndido  dam,  " 

Lower  Otay  dam,  *' 
La  Mesa  dam,  *' 

Cyya  macadam,  *' 

Buena  V* ista  lake.  * ' 
Yaw  mite  Jake,  " 

Enf^liMh  dam,  " 

BowmuTi  (iam.  " 

San  Leandro  dam,  " 
Eureka  Lake  dam,  '  * 
Fail  el  10  rk^  daui,  '  * 

Lake  Avalon,  IVn>?^  li'  c\  ! 
Lake  McA*illan,  **         "  "  .. 

Tyler,  Texas 

Cache  la  Poudre,  Colorado) 

Larimer  and  Weld.     "       

Windsor,  "       

Monument,  *  *       

Apishapa,  "       

Hardsorabble,  "       

Boss  lake,  "       

Sapiache,  "       

Seugman,  Arizona 

Ash  Fork,       "       

Williams,        *'       

Walnut  Canyon,  Arizona ^ 

New  Croton,"  New  York 

Titicus,  *'         

Sodom,  **         

Bog  brook  *'         

Indian  river,  * '         

Wigwam,  Conn 

Yorba  dam,  California 

New  Crotoii  dunv,  Nev^^  York  .  .  .  . 
Wachusett  dam,  Massachusetti*  .  . 
Round  Hill  dam,  Pennsylvania  .  . 

Pedlar  River  dam.  Virginia 

Canistear  dam,  New  Jersey 

Glenwild  dam.  New  York 

Laramie  river  dam,  Wyoming  .  . . 

Cedar  Groove  Res.  dam.  N.J 

Belle  Fourche  dam,  South  Dakota 


Character  of  Dam. 


I  Caj  arity 

I         of 
Re^rvoir. 
Acre-feet. 


'^ost  per 
Acre-foot. 


Masonry 


Rockfill 

Rock-fill,  steel  core 

Hydraulic-fill 

Earth 


Rock-fill  crib 


Earth 
Rock-fill 

Rock-fill  and  earth 

it  <  i  t  i 

Hydraulic-fill 
Earth 


Ma.«ionry 
Steel 

Miusonry 

<  < 

Masonrv  and  earth 


Earth 

Masonry  and  earth 

Masonry 

Hydraulic-fill 

Masonry 

<  i 

Masonry  and  earth 

Concrete 

Earth 


22,56r) 
40.000 

io,r>oo 

.S.500 

42,190 

1,300 

11,410 

170.000 

15,000 

14,900 

21.070 

13,'270 

15.170 

1.350 

6,300 

89.000 

1.770 

5.654 

11.550 

23,000 

885 

459 

102 

205 

954 

703 

110 

338 

480 

98,200 

22,000 

14,980 

12,7-20 

102,548 

1,028 

1,171 

180,000 

193,300 

4,050 

1,115 

7,390 

3,675 

120,000 

2,150 

215,000 


155,000 

151,521 

900,000 

35,000 

8,000 

176,000 

180,000 

1,140 

110,266 

89.782 

75,000 

33,121 

14,772 

9,997 

14,654 

.30.000 

1,50,000 

45,776 

52,8:i8 

55.000 

4,150,573 

933,065 

366,990 

510,4:^0 

8:^,555 

150,000 

:i8,000 

7,631,000 

2,270,116 

240,548 

103,708 

341,000 

47,360 

117,200 

660,000 

879,164 


10.40 

7.19 

68.00 

2.32 

5.92 

27.94 

2.02 

0.64 

19.50 

7.77 

3.26 

38.69 

32.18 

97.78 

71.39 

31.45 

169.50 

416.30 

156.35 

114.60 

42.27 

42.42 

24.50 

40.12 

0.81 

145.90 

32.50 

42.00 

11.74 

59.39 

93.00 

46.15 

12.90 

0.98 

307.00 

4.09 
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Cost  or  Reservoir  Construction  per  Acrs-ioot.    Foreign  Rbsbrvoi: 


C%Ar««1«r  ol  D»m. 


Capacity 
of 

Reiervoir. 
Arre-fcet. 


Coa*. 


Coit  p«r 
Acr«-loot 


Cousin^ 
FurenBy  ' 

Ban,  ' 

Pas  du  Riot.  ' 
Charttain,  * 
Lake  Oregon, ' 
Mouche,  * 

Liei, 


France. 


India . 


Pataa, 

Ekrtik, 

Aehti, 

Lake  Fife, 

Bhatgtir, 

Tanaa, 

Betwa, 

Chumbrumbaukum,  India 

Villar,  Spatn 

GiUeppe,  Belfium  ,,,.., , , 

Remacheid^  uennany  . , 

Vyrnwy,  Wales 

BeetaloOf  Australia « 

Burraior  dam.  Englandi 

Aaaoun  dam,  Egypt 

Belubuta  dam,  Auitralia 

Burraga  dam,         *'        *«..,.. 

Cataract,  Australia 

Sand  river  dam,  South  Africa. . , 
Lauehensee  dajn^  Germany  . . . . . 
Tails  reecrvoir  diim.  Eduiburgh, 


Masonry 


Earth 

Ma£onry 

Earth 


Earth  and  masonry 

Earth 

Masonry 


Earth 
Masonry 


Concrete 

Masonry  and  earth 

Masonry 

Brick  and  concrete 

Masonry 
tt 

Concrete 
Masonry 

Earth 


1,297 

1,297 

2,433 

1,499 

1,054 

3,ft47 

5.894 

7,011 

13,051 

1,740 

325 

76,175 

32,660 

75,500 

imsoo 

52,670 
36,800 
63,780 
13,050 
9,730 

sn 

44,090 
2,945 
2,410 

863,000 

2,000 

310 

78,860 
li60 
624 

10,280 


•247,600 
318,000 

204.372 
190,000 
256,000 
420,000 
142,000 
1,003,657 
598,418 
138,942 
15,925 
666,000 
270,000 
630,000 


$190  OO 

245.00 

84,00 

127  OO 

243.00 

115.10 

24.00 

143.00 

46. OO 

80.00 

49.00 

8.74 

8.26 

S.34 


988,000 

160,000 

312,000 

31H),000 

874,000 

91,154 

3,334,000 

573,300 

602,300 

11,907,000 

45,000 

46,500 

1,599,600 

140,000 

243,750 

1,220,000 


18,76 
4.35 
4.89 

89.83 
112.45 

74  61 
194.70 
250.00 

13,80 

22  60 
150.00 

20.28 
212  10 
390  00 
118.66 
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TABLES  OF  RESERVOIR  CAPACITIES   AND   AREAS. 

EfrCONDIDO    ReBEKVOIR,  CALIFORNIA. 
[Area  of  tributary  watershed,  8  square  mileB;  elevation  of  base  of  dam  above  sea-level,  1900  feet.] 


Hefffht 

abfive  Biim* 

of  Dnm. 

Feet. 

Surface  Area. 
Acres. 

Capacity  of 
Reservoir. 

Acre-fet-t. 

Remarks. 

20 
35 
50 
65 
80 
90 
lOO 
110 

46 

288 

970 

2,400 

4,576 

6,455 

8. 093 

11,355 

' 

Capacity    of    reservoir  as   com- 
nleted  in  1ft05.  H.'iOO  Acr«^-ff>At. 

174 

'      Outlet  of  reservoir  is  16  feet 
above  base. 

J 

....  ^^^. . . . 

Lower  Otay  Reservoir,  California 
[Area  of  tributary  waterslicii.  lrt»  sqiinrf  inilen;  t* Icvation  of  base  of  dam  above  Hea-level,  815  feet.] 


HelKht 

abovH  B.V'*e  Surface  Area 
of  Dnm.    , 
Feet.      1         Acre*. 

Capairity  of 
Reservoir. 

A  ere- feet. 

Remarks. 

30 

40 

50 

60 

70 

80 

90 

1<H) 

IHO 

150 

40 

96 

160 

239 

276 

903 

452 

567 

1.000 

1,414 

321 

1.002 

2,284 

4,-J8l 

6,860 

9.756 

13.530 

18.623 

42,190 

66,455 

Outlet  tunnel  48  feet  above  base 
-     of  dam.     For  cross-section  of 
dam  site  see  Fig.  177,  p.  373. 

MoRENA  Reservoir,  San  Dieoo  County,  California. 
[Area  of  tributary  watershed,  135  square  miles;  elevation  of  base  of  dam  almve  sea-level,  8100  feet.? 


Heiirht 

ab«ive  Base 

of  Dam. 

Surface  Area. 

Capacity  of 
Reservoir. 

Remarks. 

Feet. 

Acres. 

Acre-feet. 

50 

46 

460 

^ 

60 

73 

1,079 

70 

111 

2,029 

80 

152 

8.316 

Outlet  ttinnel  is  at  80.foot  con- 

90 

225 

5.188 

tour.       Rock-fill    dam,    with 

100 

804 

7.831 

•     aspbalt  concrete  facing.     For 

110 

488 

11.466 

cross-section  of  dam-site  see 

120 

624 

16,804 

Fig.  177,  p.  873. 

180 

850 

24  107 

140 

1,187 

84  358 

150 

1.870 

46,783 
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La  M BA  RUBBTOIB,  Sa2I  DeBBO  COUHTT,  CALIVOBIflA. 

[ATM  of  ixVbatmrj  watenlMiL  S  Miuare  milaa;  efevation  of  ban  of  dam  abore  wtm  kiol,  4S8^  teai.] 


..b^i^Siiei  Surface  A«a.!  ^SSJjJr^'    ' 
I    of  Dam.    i  :    Bwianroir.      | 

I       Faei.  Acrea.  Acra-feac. 

i_ 


30       ! 

12 

110 

35 

IS 

190 

40       ! 

24 

290 

4o 

30 

430 

50 

41 

610 

55 

m 

850 

60 

62 

1.190 

65 

70 

1.460 

70 

83 

1,850 

75 

96 

2,290 

80       ' 

113 

2.N20 

>*5       ■ 

129 

3.420 

90 

152 

4,120 

U5 

181 

4,9r,0 

li» 

205 

5,9:>0 

uo 

444 

18.890 

Hjdrau lie-fill  dam,  completed 
1895,  to  66-foot  contour.  Oat- 
let  at  base  of  dam. 


Lake  Hemet  Reservoir.  Riverside  Cou^h't,  California. 

[Area  of  watershed.  65  to  \<%)  siquart^  miles;  eteTation  of  base  of  dam.  4S00  f^eC] 


H  Misht 

abovi^  Ba.se 

of  Ilrilll. 

Surface  An»a. 

rapacity  of 
Rr-ierTuir. 

Remarks. 

Feel. 

.\CIVS. 

Acre  feet. 

40.0 

2  0 

:« 

45.0 

2.3 

73 

Lowest  outlet  at  45  feet. 

50.0 

:^«| 

li:} 

on  0 

VI9  0 

3:;2 

1 

70.  u 

♦»  - .  <  • 

77:'. 

feO.o 

Vr6  0 

l.tio:; 

yo.o 

13:;. 0 

2,7>7 

100.0 

h:  h 

4.:;t»l 

llu.o 

2."»2.o 

t;..V.H 

i      120.0 

^iis.o 

y.oTj 

1    rjj.o 

;;♦;.").  0 

lo.. "»«>•» 

T'.'p  *^i  dam  as  completed  1895. 

i:i0.0 

4m;.o 

i  :»..■.!♦«» 

1      140.0 

OhI.o 

iy.«»77 

1     150.0 

Tij^.o 

•JO  ^;H) 

APPENDIX. 


553 


LtTTLB  BbaR  VaLLBT  RsSBRVOIR  (ARROWHEAD  RbSKRVOIR  CoMPANT),   SAN 

Bernardino  County,  California. 
[Area  of  tributary  watershed,  6.6  square  miles;  elevation  of  base  of  dam,  4946.8  feet.] 


Height 

aboTe 

Tunnel 

Outlet. 

Feet. 

Surface  Area. 

Capacity  of 
Reservoir. 

Remarks. 

Acres. 

Acre-feet. 

10 

29.7 

198 

^ 

80 

55.8 

619 

80 

77.0 

1,280 

40 

109.6 

2,207 

50 

191.8 

3,680 

60 

236.9 

5.830 

70 

286.0 

8.414 

Bottom  of  outlet  tunnel  is  15.5 

80 

336.3 

11,518 

feet  above  bed  of  creek  at 
''     base  of  dam;  lowest  founda- 

90 

395.8 

15,170 

100 

452.0 

19,401 

tions  about  15  feet  lower. 

110 

535.0 

24,326 

120 

626.0 

30.094 

185 

716.0 

40.144 

147 

800.0 

49.238 

160 

884.0 

60,179 

175 

932.0 

73,800 

J 

Sweetwater  Dam,  San  Diego  County,  California. 
(Area  of  tributary  watershed,  186  square  miles;  elevation  of  lowest  outlet  above  sea-level,  140  feet.] 


above  Low- 
est Outlet. 
FMt. 

Surface  Area. 

Capacity  of 
Reservoir. 

Acre- feet. 

Remarks. 

0.0 
10.0 
20.0 
80.0 
40.0 
50.0 
60.0 
70.0 
75.5 

3.5 
17.1 
75.2 
153.7 
272.2 
898.0 
589.0 
722.0 
895.0 

1 

Lowest  outlet  is  24  feet  above 
lowest  foundations  of  dam. 

94 

540 

1,679 

8,748 

7,066 

11,787 

18,058 

22,500 
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Pauba.  Rbsbbtoik-sitb,  Sah  Diboo  CouHTT,  CAUimaniL 
[Area  of  tributary  watenhed,  879  «|iMre  mUM:  aleratkm  of  baae  of  dam,  ISBO  f eeCj 


aboveBaie 

Surfiice  Area. 

Capacity  of 
Beaerroir. 

Feet. 

Acres. 

Acre-feet. 

10 

10  7 

54 

90 

628 

441 

80 

110.5 

1.262 

40 

190.7 

2,760 

50 

282.8 

5.150 

60 

840.7 

8.250 

70 

447  0 

12.200 

80 

584.2 

17.855 

90 

689.4 

24.723 

100 

805.9 

82.200 

180 

1,214.0 

62.496 

140 

1.441.0 

75,770 

Maximum  depth  to  bed  rock 
about  25  feet  in  center  of 
channel. 


CuTAXACA  Rrsbrvoik,  8an  Dieoo  Couimr,  Caufobhia. 

[Area  of  tributary  watembed,  11.08  square  miles;  elcTation  of  dam,  about  48B0  fsefc.] 


above  Base 
of  Dam. 

Feet. 

Surface  Area 
Acres. 

Capacity  of 
Reserroir. 

Acre-feet. 

Remarks. 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
80 
82 
84 
85 

6 
44 

106 
178 
255 

y46 

428 
519 
605 
684 
768 
842 
919 
959 

12 
60 

200 

490 

900 

1.520 

2.290 

3.240 

4,360 

6,650 

7,100 

8.710 

10.470 

11,410 

Top  of  dam,  41.5  feet  above  baee. 
►     Floor  of  wasteway  at  85-foot 
contour  above  baee. 

mm 
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BaRBSTT  RE6BBYOIR-8ITE,   8aN  DiEOO  CoUNTT,   CaUFCEKIA. 
[Area  of  tribuUry  watershed,  2S0  fquare  mileB;  elevatfoD  of  bate  of  dam,  1600  feet.] 


Heleht 

above  Base 

of  Dam. 

Feet. 

Surface  Area. 
Acres. 

Capaeitj  of     | 
R^iierToir. 

AcTi*»  ffet. 

Remarks. 

60 
7(1 

m 

90 
100 

no 

V2Q 

im 

140 

150 
160 
170 
175 

70 

97 

147 

183 

2:ji 

2415 
36:J 
46{» 
5:il 
602 
7W4 
871 
y36 

586 
1.412 

2611 

4.3t2 

6  322 

8  975 

12,123 

10.345 

21,530 

27.t^ 

35.160 

41^440 

47,070 

Used  as  a  diverting-dam,  to  the 
beigbt  of  60  feet,  for  diverting 
Morena  reservoir  water  to  the 
Uower  Otay   reservoir.      For 
cTfiaS'section  of  dam-site,  see 
Fifc',  177,  p.  373. 

Upper  Otay  Rebervoir  bite.  8an  Diego  County,  Calxforioa. 

{Area  of  tributary  watershed,  8  square  miles;  elevation  of  base  of  dam,  480  feet.] 


Hf  iKht  above 
Base  of  Daiu. 

Feet. 

Surface  Area. 
Acres. 

Capacity  of 
Reservoir. 

Acre- fee  I. 

60 

80 

100 

120 

89 
178 
293 
452 

643 

3,236 

7,871 

15,342 
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BbAB  VaIXKT  RSffiOtTOIR,  SAIT  BbKKABDINO  CotnCTT,  CAUPOBmA. 
[ATM  of  Mbataiy  watenhed,  U  Mtoara  miles;  elenttioa  of  baae  of  dam,  about  MOO  faeC] 


Height 

abcy/e  Baae 

of  Dam. 

Surface  Area. 

Capacity  of 
Reeerrolr. 

aboTttBaae 
of  Dam. 

Surface  Area. 

CaftadtyoC 
Beeerrolr. 

Feet. 

Acres. 

Acre-feet. 

Feet. 

Acres. 

Acre-feet. 

15 

10 

62 

53 

1.859 

26,468 

20 

85 

150 

55 

1,960 

80,010 

25 

141 

411 

57 

2,069 

84,040 

80 

295 

1.558 

60 

2,251 

40,476 

85 

428 

8,847 

65 

2,582 

52.428 

40 

1,060 

7,166 

70 

2,812 

65,065 

45 

1,425 

18.357 

80 

8,8C0 

95,500 

50 

1,691 

21,189 

RoosEVKLT  Dam  Resbrvoir-sitb,  Salt  River,  Arizona. 
[Area  of  watershed,  OMO  square  miles;  eleTation  of  base  of  dam,  1985  feet.] 


Height 

atl4>w. 

above  Dam 

Area  Flooded. 

"^SS;^?! 

Outlet 
at  Low- 

Area  Flooded. 

Baserrolr. 

wMorNark. 

water  Mark. 

Fast. 

Acres. 

Acre-feet. 

Feet 

Acres. 

Acre-feet. 

25 

880 

4,400 

120 

5,860 

241,800 

80 

420 

6.100 

125 

6,210 

272.800 

85 

670 

9.000 

180 

6,570 

808,900 

40 

730 

11.900 

185 

6.950 

888,000 

45 

890 

16,200 

140 

7.850 

878,400 

50 

1,030 

20.000 

145 

7,980 

418,000 

55 

1.280 

26,900 

150 

8.530 

458,000 

60 

1,510 

33.300 

155 

9.110 

498.000 

65 

1.740 

42,000 

160 

9.680 

544,000 

70 

1.980 

50.700 

165 

10.170 

594.000 

75 

2,300 

62,100 

170 

10,680 

645.000 

80 

2.610 

73.500 

175 

11.240 

701.000 

90 

3,430 

103.600 

180 

11,750 

757.000 

95 

3.820 

122.700 

185 

12,:^ 

820,000 

100 

4.210 

141,800 

190 

13,000 

880,000 

105 

4.610 

164,700 

195 

13,600 

950,000 

110 

4.990 

187.700 

200 

14,200 

1,020,000 

115 

5.430 

214,700 

220 

1,284,000 

1 


PLATE  NO.  6— SECTIONS  OF  "nTTOAL  FX>REIGN 
FARTH   DAMS. 

Stubdcn  Dam,  IrelMid. 
Laenunf^  Dun,  IreUnd. 
Lodi  Iflhund  Bexvy  D^m,  IreUiKL 
Rotten  Park  Dam,  Bndaml. 
rUey  Dam,  England. 
Vale  House  Dam,  England. 
De  Torey  Dam.  France. 
11  untaubiy  Dam,  Fimnoe. 
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Acknowledpncnts,  49(i 

Advantages  of  leaky  dams  maintained,  5S  I 

African  dams,  liHS 

Agiia  Fria  masonry  dam,  Arizona,  279 

Aguilar,  Ponciano,  524  , 

Aird,  Sir  John  &  Co..  .S90 

Aix,  France,  supi)lied  by  Zola  dam,  .^02 

Aix-la-Chapelle  Polyt<»rlinic  school,  2().S 

Alamosa  river  (Terrace  dam),  Colo.,  1.39      i 

Alessandro,  Cai.,  247 

Alfred  dam,  Maine,  81 

Alicante  dam.  Spain,  357  , 

Alkali  in  earth  dams,  cause  of  land-slips,  ' 

421 
AIman7a  dam,  Spain,  357 
Ambursen    Hydraulic    Construction   Co.,   ' 

4(i5 
American  Institute  of  Mining  Engineers, 

58 
American  Pipe  Co.,  330  ' 

American    type    of    masonry    core-walla  , 

criticised  by  Firitish  engineers,  450 
Amsterdam,  N.  Y.,  supplied  by  Cdenwild 

dam,  440  *  | 

Anaheim  Union  Water  Co.,  Cal.,  172 
Ancient  earth  dams  in  Ceylon,  416  | 

Anglo-Japanese  Hydro-Electric  Co.,  540      j 
Animas    Canal,    Reservoir,    and    Water  , 

Power  Investment  (^o.,  Colo.,  84        . 
Annonay,    France,    supplied    by   Ternay  ' 

dam,  363  I 

Apishapa  river,  Colo.,  176  I 

Apportionment    of    irrigation    supply, 

Hemet  system,  246 
Arkansas  Valley  natural  basin  reservoirs, 

490 


Arkansas  Valley  Sugar  Beet  and  Irrigated 

Land  Co.,  490 
Armanvon  river,  France,  364 
Arrowhead  Reservoir  Co.,  Cal.,  180,  256 
Ash  Fork  steel  dam,  Ariz.,  453 
Ashokan  dam,  N.  Y.,  304 
Ashop  dam,  Derwent  Valley,  England,  408 
Asphalt  burlap  over  sheet-steel  core  of 

dam,  16.  436 
Asphalt  coating  on  face  of  dam,  395 
Asphalt  concrete,  in  core-wall  of  dam,  60 
Assouan  dam,  Egypt,  388 

jelly  models  of,  211 
Atcherley,  L.  W.,  210,  212 
Atlanta  Water  and  Electric  Power  Co.,  334 
Atlantic  Mining  Co.,  Mich.,  456 
Austin  dam,  Austin,  Texas,  312 
Autisha  dam-site,  Peru,  414 
Australian  dams,  379 
Austrian  dams,  398 
Avalon  (Lake)  dam,  near  Carlsbad,  N.  M., 

43 
Avignonet  dam,  Grenoble,  France,  367 

Babcock,  E.  S.,  15 

Balx^ock.  Stephen  E.^  440 

Bainbridge,  F.  H.,  453 

Baissey,  France,  363 

Baker,  Sir  Benjamin,  211,  390 

Balanced  valve  for  reservoir  outlet,  62 

Baltic  Mining  Co.,  Mich.,  456 

Bamforfl  dam,  Den^'ent  Valley,  England, 

408 
Bar  Harbor  and  Union  River  Power  Co., 

471 
Barnetche,  P^  356 
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Clay  oore-wall  of  Santo  Amaro  dam,  ex- 
poeed  section  of,  illustrated.  539 
puddle   walls  in    PilarcitoH  and  San 
Andrfe  dams,  4^ 
Olerke,  W.  J.  C,  372.  373 
Cloud,  H.  H..  engr..  Lake  Avalon  dam, 

45 
Code,  W.  H.,  chief  engineer,  V.  S.  Indian 

Service,  74 
Colgate  Power  House,  Yuba  river,  Cal., 

115 
Colorado  river,  Texas,  315 
Colorado  State  dams,  437 
Combination  dams  i^ rock-fill  and  hydraulic- 
fill),  Milner,  Idaho,  08 
Waialua,  T.  H.,  127 
Zufii,  N.  M.,  74 
Combination  earth  and  concrete  dam  in 

California,  545 
Commission  of  Engineers  on  New  Croton 

Dam,  451 
"Compound  dams,"  as  suggested  by  W. 

L.  Strange,  447- 
Concrete,  cyclopean,  block  construction, 

334 
Conduits  of  Sweetwater  sj-stem,  235 

Hemet  sj'stem,  245 
Connellsville  dam,  Pa.,  330 
Construction  of  dam  by  convicts.  264 
Coolgardie,  Australia,  water-supply  dam, 

211,382 
Coolie.  L.  E.,  323 
Cooper,  Hugh  L.,  334,  409 
Core-wall,  concrete,  highest  in  world,  441 
of  clay,  185 

of  concrete,  full  height  of  hydraulic- 
fill,  180 
in  Boonton  dyke,  X.  J.,  326 
in  Dixville,  N.  H.,  dam,  543 
under  hydraulic-fill,  156 
of  earth   in    North   Dike  VVachusett 
dam  found  to  be  practically    im- 
permeable, 540 
of  masonry,  Bog  Brook  dams,  307 
of   masonry,   Catawba    River   dam, 

S.  C,  536 
of  rehiforced    concrete,    in    rock-fill 

dam,  49,  452 
of  sheet-steel  in  Chollas  Heights  dam, 

435 
plain  concrete,  in  rock-fill  dam,  130 
steel  (and  facing),  in  rock-till  dam,  59 


Core-wall,  wood,  in  h3rdraulic-fill  dam,  110 
in  rock-fill  dam,  70,  129 
with  asphalt um  and  burlap, 
129 
Core-walls  of  masonry  or  concrete  seldom 

watertight,  186,  451 
Cornell  University,  N.  Y.,  302,  309 
Cost  data: 

Agua  Fria  dam,  Ariz.,  279 

.\sh  Fork  steel  dams.  455 

Ashokan  dam,  contract,  305 

Assiout  dam.  Egypt,  391 

Assouan  dam,  Eg^'pt.  390 

Austin  dam,  Texas.  314 

Ban  dam,  France,  363 

Barossa  dam.  Australia,  382 

Bear  Valley  dam,  cement  for,  207 

Bear  Valley  dam,  complete,  249 

Beetaloo  dam,  S.  Australia,  386 

Belle  Fourche  dam.  S.  Dak.,  443 

Behibula  dam,  Australia,  386 

Betwa  dam,  India.  376 

Buena   Vista   Lake  dam,  Kern  Co^ 

Cal.,  4;J3 
Burraga  dam,  Australia,  380 
Burrator  dam.  England,  405 
Cache  la  Pouilre  dam,  Colo.,  437 
Canistear  dam,  New  Jersey,  439 
Catamct  dam,  Australia.  385 
Catskill  water-supply  for  New  York 

Cnty.  304 
Cedar  Grove  dams,  N.  J.,  441 
Chart  rain  dam,  France,  365 
Colondo  State  dams,  A'SQ 
C\K>lganlie  dam,  Australia,  384 
Craig  Goch  and  other  Welsh  dams, 

408 
Cross  River  dam,  N.  Y.,  299 
Curry  Mine,  high-pressure  dam,  297 
Cuyamaca  dam,  Cal.,  424 
Derwent  Valley  dams,  England,  408 
Escondido  conduit,  4 

dam,  11 
Esperanza  dam,  Mexico,  527 
Fossil  Creek,  Colo.,  492 
Furens  dam,  France,  362 
Glenwild  dam,  Amsterdam,  N.  Y.,  440 
Granite  Springs  dam,  Wyo.,  322 
Hemet  dam,  cost  of  cement,  239 
Hinckston  Run  dam.  Pa.,  524 
hydraulic  sluicing,  Canadian  Pacific 
Ry.,  192 


560 


INDEX, 


Cost  data: 

hydranlic  Bluicing,  Northern  Pacific 
Ry.,  193 
Northern  Pacific  Ry.,  Summary 
of,  200 
Indian  River  dam,  N.  Y.,  309 
Ithaca  dam,  N.  Y.,  303 
La  Jalpa  dam,  Mexico,  347 
Lake  Carpa  dam,  Peru,  410 
Lake  Cheesman  dam,  Colo.,  323 
Lake  de  Smet,  Wyo.,  489 
Lake  Quisha  dam,  Peru,  410 
La  Mesa  dam,  Cai.,  e« 
Laramie,  Wyo.,  489 
Larimer  and  Weld  natural  reservoir, 

488 
Lauchensee  dam,  Germany,  393 
Loveland,  Wyo.,  488 
McCalls  Ferry  dam,  Pa.,  334 
Mercedes    dam,     Durango,    Mexico, 

3.50 
Mercedes  Yot^cmite  dam  and  canal 

system,  432 
New  Croton  dam,  X.  Y.,  298 
North  dike,  Wachusett  dam,  Mass., 

443 
Pacoima  submerged  dam,  Cal.,  275 
Padavil  earth  dam  in  Ceylon   (esti- 
mated), 417 
Pas  du  Riot  ilani,  France,  364 
Pathfinder  dam,  Wyo.,  341 
Pedlar  River  dam,  Lyncliburg,  Va., 

334 
Periyar  darn.  Tiulia,  377 
Poona  dam,  India.  374 
Renischcul  dani,  Cicnnany,  393 
Roost^velt  dam,  Ariz..  310 
Round  Hill  (lam,  J*a.,  331 
Sacsa  Lake  dam,  IVni,  413 
Sand  River  djim,  S.  Africa,  391 
San  Jose  dam,  Mexico.  532 
Selipman  dam,  Ariz.,  28() 
Shoshone  dam,  Wyo.,  341 
Sixlom  (lam,  N.  Y.,  307 
Sweetwater  conduit,  north  side,  237 
cost  of  iMimi>injr,  230 
dam,  Cal.,  225,  220 
pif)e  system.  233 
j)umi)ing  plants  and  wells  236 
Tansa  dam.  India,  372 
Ternay  dam,  France,  363 
Titicus  dam,  N.  Y.,  306 


Cost  data: 

Twin  Lakes  reeervoir  outlet  and  dam^ 
487 

Tyler,  Texas,  hydraulic-fill  dana,  94 

Wigwam  dam,  Conn.,  312 

Villar  dam,  Spain,  359 

Vjrmwy  dam,  England,  402 

Wachusett  dam,  Mass.,  329 

Walnut  Canyon  dam,  Ari«.,  239 

Williams  dam.,  Ariz,  238 
Cost  of  reservoir  construction  per   acre- 
foot  of  capacity,  tables  of,  549 
CMtonwood  creek,  San  Diego  Co.,  Cal.,  24 
Coventry,  W.  B.,  205 
Cracks,  absence  of,  in  Sweetwater  dam, 

2:S2 
C-afton,  Cal.,  247 
Craig  (Joch  dam,  Wales,  405 
Crane    Valley,    hydraulic-fill  dam,     Cal., 

105 
Craven,  Alfre<l,  307 
Croes,  J.  J.  R.,  Member  of  Commiflsion  o» 

New  CVoton  Dam,  451 
Cross  River  dam,  N.  Y.,  299 
Croton  Falls  dam,  N.  Y.,  301 
Croton,  Mich.,  177 
Crow  Creek,  Wyo.,  317 
"Crowder,''  used   for  loading  water  with 

earth  in  ground  sluicing,  132 
Crt)we,  H.  S..  262 
Crowell,  F.  Foster,  458 
Cnignola,  G.,  371 

Crushed  stone  macadam,  for  core- wall  of 
earth  and  rock-fill  dams,  suggested^ 
4.51 
Crystal  Sjjrings  dam,  old,  274 
Cuevas.  Luis  S.,  534 
Curry  Mine,  high-pressure  dam,  296 
Curry  Mine  Norway,  Mich.,  294 
Curtis,  C.  F^,  499 
Curved  dams,  207 

free  from  cracks,  209 
Cuyamaca  dam,  Cal.,  423 
Cuyamaea  reservoir,  Cal.,  233,  235 

Davis.  Artluir  P.,  284,  340 
Davis,  Chester  B.,  296 
Davis,  Jos.  P.,  329 

Deflect  inp  nozzles,  hydraulic  giants,  88 
De  la  Barre,  Wm.,  464 
Del  (lasco  dam,  Guadarrana  river,  Spain^ 
356 
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Delocre,  M.,  designer  of  Furens  dam,  205, 

208,363 
Denver  Union  Water  Ck).,  62,  32;i 

waterHSupply    from   South   Fork    of 
Platte  river,  323 
Derby,    England,    supplied   by   Derwent 

dams,  408 
Derwent  Valley  dams,  England,  408 
"Design  and  Ck)nstruction  of  Dams,"  by 

Edward  Wegmann,  C.E.,  205 
DeWeese  dam,  Ck>lo.,  325 
Diagram   of   forces,    reinforced   concrete 

dams,  466,  469 
Dias,  President  Porfirio,  Mexico,  346 
Divers  used  for  placing  sheet-piles  and 

concrete,  70 
Dixville,  N.  H.,  earth  dam,  543 
Dobbins  Creek,  Yuba  County,  Cal.,  115 
Dodder    River  dam,    Ireland,    449,    and 

Plate  5 
Douglas  Lake  reservoir,  Colo.,  491 
Drainage  in  masonry  dams,  399 
Drainage  of  earth  dam,  Vallejo,  Cal.,  422 
Duchesnay,  EMmund,  192 
Dudley,  Arthur  W.,  543 
Dulzura  Pass,  Cal.,  24,  28,  30 
Dur&n,  NicoUui,  356 
Durango,    Colo,     (power    received    from 

Animas  dam),  84 
Duryea,  Eldwin,  Jr.,  540 

Elarly  type  of  hydraulic-fill  in  Druid  Lake 
dam,  Md.,  444 

Earth  core- wall  in  North  Dike,  Wachu- 
sett  dam,  540 

Earth  dams: 

Apishapa  State  dam,  Colo.,  439 
Ashti  tank,  India,  419 
Belle  Fourche  dam,  S.  Dak.,  441 
Bog  Brook,  N.  Y.,  307 
Boss  Lake  State  dam,  Colo.,  439 
Buena  Vista  Lake  dam,  Cal.,  433 
Cache  la  Poudre  dam,  Colo.,  437 
Canistear  dam.  New  Jersey,  439 
Cauverypauk  tank,  India,  419 
Cedar  Grove  dams,  N.  J.,  440 
Chollas  Heights  dam,  Cal.,  435 
Chumbrumbaukum  tank,  India,  419 
Cold  Springs  dam,  Umatilla,  Oregon, 

444 
Cuyamaca,  Cal.,  424 
Dixville,  N.  H.,  543 


Earth  dams: 

Druid  Lake  dam,  Baltimore,  Md.,  444 
Ekruk  tank,  India,  419 
Glenwild  dam,  New  York,  440 
Hardscrabble  SUte  dam,  Colo.,  439 
Hemet  distributing-reservoir,  246 
Indian  river,  N.  Y.,  308 
in  India,  numbers  estimated,  417-419 
John  Days,  Cal.  (combination),  545 
Laguna  dam,  Mexico,  167 
Laramie  River  dam,  Wyo.,  440 
Merced  or  Yosemite  dam,  429 
Monument  Creek  dam,  Colo.,  438 
Mudduk  Masur  tank,  India,  419 
North  Dike,  Wachusett  dam,    Mass.^ 

443 
Pilarcitos  dam,  Cal.,  433 
Ponairy  tank,  India,  419 
Saguache  State  dam,  Colo.,  439 
San  Andrt^  dam,  Cal.,  434 
Tabcaud  dam,  Cal.,  434 
Talhi  dam,  Edinburgh,  Scotland,  44S 
Vallejo  tlam,  California,  422 
various  recent  Indian  dams,  448 
Veranum  tank,  India,  419 

Earthwork,  delivery  by  baskets,  Laguna 
dam,  Mexico,  170 

East  Jersey  Water  Co.,  439 

Eastward,  J.  S.,  108 

Eohapr^  dam,  France,  368 

Eddy  flume-gates,  Indian  River  dam,  308 

Eel  river,  Cal.,  545 

Einsiedel  dam,  Germany,  395 

El  Cajon  valley,  California,  213,  429 

Elche  dam,  Spain,  357 

Elder  Creek,  Wyo.,  489 

Electra,  Cal.,  power  house,  434 

Ellsworth,  Maine,  reinforced  concrete 
dam,  471 

El  Molino  dam,  San  Gabriel,  Cal.,  213 

Emergency  development  of  irrigation 
water  to  substitute  for  dry  reser- 
voirs in  California,  429 

Engineering  errors  in  ancient  Ceylon,  417 

Engineering  News,  45,  49,  188,  296,  297, 
309,  310,  317,  366,  450,  451,  452, 
459,  464,  546 

Engineering  Record,  42,  60,  188,  379,  391,. 
397,  405,  450,  511,  540,  543,  645 

English  dam  (rock-fill),  Cal.,  63 

English  dams,  401 

Enlargement  of  Sweetwater  dam,  Cal.,  225 
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Ennepe  dam,  Germiiny.  398 
Eachbach  rlam,  Germany.  .198 
Ewhbach  valley,  Germany.  398  I 

EfKondidn.  Cal.,  2.  4  j 

Esperanaa  (iam,  Mexico,  524 
Eflpinal,  France,  site  of  Bouaey  dam,  365    j 
Evaporation.  Arrowhea<l  reconiii.  256 
enormous,    from    Btiena  Vista  reser- 
voir. CaL,  433 
from   C'uyamaca   rRservoir,  237.  426 
from  Sweetwater  reservoir.  237 
reservoirs  in  India.  419,  421 
Excelsior  Woo«i-5«tave  Pipe  Co..  '206 
Expansion  movements  of  masonry  dams, 

208,  200.  370 
Experiments  by  f).  (\  Henny  on  permea- 
bility of  *^ils  for  Cold  :Sprini^  dam, 
r)re^n,  444 
Experiments    with    models    of    masonry 
dams,  210.  211,  2!2 

Failure  of  dams : 

Austin  dam,  Texas.  315 
before  water  pressure  was  applied,  36  , 
Bousey  dam.  France,  365  ! 

Clieesman  Lake  rock-fill  dam,  Colo., 

62 
English  dam,  r'alifomia,  €h\ 
Habra  dam,  AljfierH.  :?70 
Hauser  Lake  dam,  UVt 
John.-atown  dnm.  Pa..  423 
I«ike  Avnlr^n  (Vaiu.  Sfw  Mexico,  40 
Lynx  i'rffk  d.-im.  Ariz  .  21*0 
ori£rir»:il  I..ik*-  \  r.iUfo^  •l.iui,  <   li  ,  117 
F*ii**ritf-,  'i.iiii.  *»p:iirt.  ;;.').*^ 
►Sn.'ik'p  Iiiviiit*  'i.jrii.-.  <':il  .  1**J 
W'alri'jt  (tur.f  fl.iin.  Ar.znn  i.  '>■'> 

Fanniriir  J.  T..  .;1J 

Farj?o,  \V.  (.  .  IV),  H'J 

Farrfrn.  ^iforir'-.  3)"^ 

Fanrh^Tif*  'Irirn.  '   il.,  'j/^YI 

Ferlit.  f{     y:)l 

F'ishw.iv.  J^7 

FlprrJ.fT.  I'rnf    FJoUrt,  5^; 

FlftxibU-  rop.-'A.ii!-.  of  r'-irifor-*^'!  roncrr'tr. 
J.V) 
r,f  l>ri'k  l.ii'l  iri  ri.p},:iltTiMi,  J.V) 

Fllrin,  Alfrr-l  ]).,  ;;(Hi,  ;',«"* 

HfTir  Vrilh-y  n-sf-rvorr,  <"al.,  2JS 
CJifrry  rr^-k.  Colo  .  in  KKX),  40  ' 

J>r:u;  riv^-r,  Krunrp.  '^i7  i 


Flood  discharge: 

Eel  river,  Cal.,  545 

of  Miaaouri  river  over  Hauser  Lake 
dam.  463 

OijKawa  river,  Japan,  541 

over  Vir  weir.  Bhatgur  dam.  375 

Pecoa  river,  \.  Mex.,  44,  49,  53 

Periyar  river,  India,  .*J76 

River  N'Ue,  Egypt.  :M9 

Sweetwater  river.  Cal.,  225,  248 

Tuolumne  river.  Cal..  255 

Yelwand  river.  India   Bhatgur  dam), 
374 

Zuili  river.  N".  M.,  75 
Folsom  dam  .  masonry  >  at  FoLaom  pnaon, 

Cal.,  -262 
Forchheimer.  Prof..  2I)S.  371 
Forest    Preser\'e    Boanl    of   Xew  York, 

31)0 
Fort  Collins.  Colo..  491 
Fortier.  .Samuel,  6<).  "21)2 
Fossil  (.'reek  reservoir,  492 
Francis.  r;€0.  B..  3:J6 
Franz  Joseph,  or  Komotau  dam,  398 
Fraser  river  canyon.  B.  C,  190 
Freeman,  John  R.,  :^5 
French  dams,  in  France,  359 

in  Algeria.  370 
Frizell,  Joh.  P.,  312 

Fn)s:  Tanks  resen'oir-site,  Ariz.,  279.  2&4 
Freley.  .Vlphon.se.  -21*0.  307,  329 
Fiielljef'ker  dam,  rjermany,  39S 
Fuertes.  Pn^f.  E.  A..  310 " 
r  =  ;r»*ii.r  •him.  Sr.  ETH^nrie.  Fmnce,  3ti2 

('i.iY.\)Tn  znr.itp.  '.\V.) 

^i:i'AlfT.  .S   Aiismlui.  ;iHi) 

^f.idi^s  iV:  ^frtfrie.  323.  3U 

(Ur^-hiViZ  dam.  .\iiritralia,  38*> 

<i*nfrr:il  P^lf^tric  Company.  108 

^icnori.  Ir:ily.  supplieil  by  Oorzente  dam, 

Merriinn  dams.  'fl>3 

Mia  Valley.  Ariz..  27'.> 

<^iilfpj>c  <lam.  I3^lgium.  31)0 

(iiant.-j  Tank  dam.  Ceylon.  India,  417 

filarial  flour.  4>*.5.  4S7 

^il'irliarh  dam,  Germany,  398 

r;r,c>,iale.  W.  W..  1.34 

Core,  William.  212 

Corzente  dam,  369,  370 

Gould,  E.  Sherman,  186,  188 
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Oowan,  ChM.  S.,  299,  307 

Graeff,  M.,  362 

Gran  Cheurfas  dam,  Algiers,  371 

Grand  Rapids-Muskegon  Power  Co.,  177 

Grand  river,  Mich.,  180 

Granite  Reef  dam,  Ariz.,  499,  518 

Granite  Springs  dam,  Wyo.,  317 

Gravel  preferred  for  dams,  tests  of,  etc., 

202 
Great  Plains  Water  Co.,  Colo.,  490 
Greenalch,  Walter,  309 
Gregory,  C.  E.,  306 
Grenoble,  France,  368 
Gros  Bois  dam,  France,  359 
Ground    sluicing,    one    of    hydraulic-fill 

processes,  131 
Yorba  dam,  CaL,  cost  of,  172 
Grunsky,  C.  E.,  422 
Guadalantin  river,  Spain,  358 
Guadarana  river,  Spain,  356 
Guanajuato,  Mexico,  346 

Habra  dam,  Algiers,  209,  370 
Hageman  canals,  N.  M.,  51 
Haglec  dam,  Derwent  Valley,  Eng.,  408 
Hall,  B.  M.,  eng.,  U.  S.  Rec.  Service,  49, 

451 
Hall,  N.  L.,  343 
Hall,  Wm.  Ham,  254,  393,  449 
Hamiz  dam,  Algiers,  209,  371 
Harper,  J.  B.,  engineer,  Zuni  dam,  74 
Harrison,  Chas.  L.,  323 
Harrison,  E.  W.,  326 
Hasperbach  dam,  Germany,  398 
Hassayampa  river,  Ariz.  (Walnut  Grove 

dam),  53 
Hauser  Lake  steel  dam,  Helena,  Mont., 

459 
Hayward,  R.  F.,  172,  499 
Helena,  Mont.,  464 
Helena  river,  Australia,  masonry  dam,  211, 

384 
Hemet  dam,  CaL,  237 
Henner  dam,  Germany,  398 
Henny,  D.  C,  296,  444 
Herbringhausen  dam,  Germany,  398 
Herschel,  Hemens,  202,  439 
Highest  dam  in  Spain,  357 
Highest  overflow  weir  in  United  States, 

255 
Highlands,  Cal.,  247 
High-pressure  mining  dams,  296 


Hijar  City,  Spain,  350 

dams,  Spain,  359 
HUl,  A.,  374 
HUl,  George  H.,  405 
Hill.  Louis  C,  340,  518 
Hill.  W.  R.,  299 

Hinckston  Run  dam,  Pa.,  499,  518 
Hodson,  George  and  F.  W.,  402 
Holbrook,  Ariz.,  286 
Holyoke  dam,  Mass.,  202 
Honolulu,  T.  H.,  127 
Hooker,  Elon  H.,  310 
Hopkirk  wood-stave  pipe,  reinforced,  510, 

512 
Hopson,  E.  G.,  444 

Horn,  F.  C,  engineer,  Minidoka  dam,  80 
Howden  dam,  Derwent  Valley,  Eng.,  408 
Howells,  J.  M.,  90,  94,  98,  108,  117,  499, 

540 
Hudson  Canal  and  Reservoir  Co.,  338 
Hutchison,  Dr.  Cary  T.,  334 
Hyde,  F.  S.,  172,  426 
Hydraulic  elevator,  used  in  Brazilian  dam 

construction,  5.38 
Hydraulic-fill  dams: 

Acatlan,  Mexico,  167 

Crane  Valley,  Cal.,  109 

Croton,  Mich.,  177 

Lake  Frances,  Cal.,  115 

Little  Bear  Valley,  Cal.,  180.545 

Los  Reyes,  Mexico,  152 

Lyons,  Mich.,  180 

Milner,  Idaho,  125,514 

Necaxa,  Mexico,  152,  524 

Nuuanu,  Honolulu,  T.  H.,  136 

principles  defined,  85,  86,  87 

Roland  Park,  Baltimore,  Md.,  546 

San  Leandro,  Cal.,  89 

Santo  Amaro,  Brazil,  146,  535 

Silver  lake,  Los  Angeles,  Cal.,  174 

Swink,  Colo.,  176 

Temescal,  Cal.,  89 

Terrace,  Alamosa  river,  Colo.,  139 

Tezcapa,  Mexico,  152,  167 

Waiaiua,  Hawaii,  127 
plantation  dams,  134 

Yorba,  Cal.,  172 
Hydraulic  giant,  or  monitor,  88 
Hydraulic    lime,    used    in    Habra    dam, 
Algiers,  371 

used  in  Periyar  dam,  India,  376 
Hydraulic  sluicing  at  Seattle,  Wash.,  509 
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L/r.x  (  Tfc<  maflrmry  dam,  Ariiona.  290 
f.y  .";>  FVfiic.  ii^n  r>wiro  Co.,  Cal.,  24 
\.y<.^.    dam,  Mirh  .  449 
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McCaU's  Feny  dam,  332 

M<02Uoh,  Walter,  307 

McHexuy,  EL  H.,  197 

McRevnolds,  O.  C,  4S5 

JUcArtfaiir  BroR.  Company,  2d9,  305 

JUckenxie,  A.  T.,  377 

llMLnd,  Spain,  supply  from  Rio  Lozoya 

dam,  359 
Manchester,  EogUnd,  supplied  by  Thirl- 

mere  dam,  405 
Manfla,  P.  I.,  343 
UwDser^,  James,  187,  403,  408 
Hanquinii  river,  P,  I  ,  343 
Martinez  de!  Rio,  Senor  PaWo,  349 
MMtin,  James  Wm.,  499,  518 
Martin  rix'er,  Spain,  ;i59 
Maaomy  or  concrete  dams : 

Af:ua  Fria,  Ariz.,  279 

Alicante,  Spain,  357 

Almanza,  Spain,  357 

.Jlshokan,  N.  Y.,  304 

Assiout.  Egypt,  390 

Assouan,  Egypt.  38S 

Austin,  Texas,  312 

A\-ignonet.  Drac  river,  France,  365 

Ban,  St.  diamond,  France,  36:^ 

Barossa,  Gawler,  South  Australia,  380 

Basin  creek.  Mont.,  296  , 

Bear  Valley,  Cal.,  246 

Beetaloo,  Australia,  :^> 

Belubula,  Australia,  386 

Betwa,  India,  375 

Bhatgur,  India,  374 

BUckbrook,  Loughborough,  England^ 
402 

Boonton,  Jersey  City.  N.  J.  3'25, 

Bousey,  Epinal,  France,  365 

Bridgeport,  Conn..  310 

Burraga,  Australia,  379 

Burrator,  Plymouth,  England,  403 

CaUwba  river,  S.  C„  336 

Chart  rain,  Roanne,  France,  365 

Chaxilly.  Sabine  riN-er,  France,  362 

Chee«man  lake,  Colo,,  325 

ConnelbvUle.  Pa,,  330 

Cornell  University,  N.  Y.,  309 

Cototay,    Chambon-Feugerollee, 
France,  364 

Craig  Goch,  Birmingham,  England, 
405 

Cross  river,  N.  Y.,  299 

Croton  Falls,  N,  Y.,  301 


Masonry  or  concrete  dams: 
Del  GaAco,  Spain,  356 
dixierting  rnieir,  San  Diego  Flume  Co., 

Cal.,  427 
Djidionia.  St.  Aim6,  Algiers,  372 
Echaprf,  Firminy,  France,  368 
Einfvidri,  CSemnitr,  Germany,  .*^5 
Elche,  ^Mun,  357 

El  Molino,  of  San  Gabriel.  O^.,  213 
Esperanjca  dam,  Guinajtiato,  Mexico, 

524 
Folsom,  Cal.,  262 
Furens.  St.  Etienne,  France,  362 
Geelong,  Australia,  :^86 
Gilleppe,  Ver\'icr?,  Belgium.  C^99 
Gran    Clieurfas,    Mekerra  rix-er,    Al- 
giers, 371 
Granite  Springs,  Wyo.,  317 
Gros  Bois,  Brenne  rix-er,  France,  362 
Habra,  Algiers,  370 
Hamiz,  Algiers,  371 
Helena  riN-er,  .\ustralia,  211 
Hemet,  Cal..  '2,^7 
Hijar,  Martin  riN-er,  S|>ain,  359 
Huiisca,  Peru,  413 
Indian  ri\-er,  N.  Y..  :^)8 
Johannesburg,  S.  .\fric,%  391 
John  l>a\'s  d.a.m,  t^al.  ^  combination), 

545 
KingniJiu  (submergcilV  Arii.,  285 
Komotau.  Bohemi.^,  Austria,  398 
La  Grange.  Cal..  '2,i6 
La  Jalpa  dams.  Mexico,  347 
Lake  Carjva.  Peni.  410 
Lake  Quisha,  Peru,  411 
I^uchensee,  Germany,  397 
Lennep,  C»ermany,  iW7 
LoiojTi,  Madrid,  Sj>ain.  359 
McCalls  Ferry.  Pa.,  332 
Mariquina,  Manila,  P,  I.,  343 
Meer  Allum,  Hyderabad,  India,  378 
Mercede<^  Durango,  Mexico,  :150 
Miodeix,  Aux-ergne,  France,  .368 
Morgan  Falls,  Atlanta.  Ga.,  ;W4 
Mouche,  St.  (^iergues.  France,  3(>5 
NewOoton,  N.  Y.,  298 
Nijar,  Spain,  358 

Old  Mission  of  San  Diego,  Cal.,  213 
OUa  dams,  Guanajuato,  Mexico.  529 
Pacoima  (submerged),  Cal.,  274 
Pamahylm,  Braiil,  409 
Pas  du  Riot,  St.  Etienne,  France,  364 
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Maflonry  or  (tr,nmte  datzne : 

Pathfincier,  S  Platte  river.  Wyo..  341 

Pedlar  river.  Lynch  burjr,  Va.,  334 

Periyar,  India.  376 

Pont,  Semur,  France,  364 

Poona,  Indi^  373 

Portland,  Ore.,  20r2 

Pijentea.  Spain.  3,S8 

Rem.^heid,  r;erTnany.  393 

Rio  dafl  Latest.  Brazil,  408 

Rooflevelt,  Ariz  .  338 

Round  Hill.  WilkcsUrre,  Pa.,  331 

Saci-a,  Peni.  411 

San  Jofl^  fiam.  San  Luid  Potoei,  Mex- 
ico, .vn 

San  Mateo,  Cal.,  2>>7 

Sand  river.  Port  Elizabeth.  S.  Africa. 
391 

Seli^jjman,  Ariz.,  28.5 

Settonfl,  Yonne  river,  France,  36,5 

Shoshone.  Wyo..  .340 

Sioule,  France,  'i68 

Swiom,  N.  Y..  .307 

Solingen,  Germany,  .396 

Swanaea,  Walej»,  4a3 

Sweetwater,  Cal.,  210,  213 

Tan.sa,  Bombay,  India,  .372 

Temay,  France.  .3^i3 

Thirlmere.  Manchester,  England,  40.5 

Titicu.M,  N.  Y.,  :M¥\ 

Tlelat,  Santc  BarV>c,  Allien'.  372 

Trap  F'ailM.  BridccfKirt,  Conn.,  .331 

Turdinc,  Turnrf,  Vraicf,  308 

Tyt;irn,  Hontr  Kontr.  <^'hiri:i,  3S-S 

TJpfi^T  Otay.  r.Ml  ,  ;uj 

IJrft.  AnfluTi.  ^'Ifrrnany.  39.5 

Vnl  (If;  Infif-rrjo.  S[>;nn,  3.5S 

Vf^nlori.  Aix.  I  ranrf,  3r>.'i 

Villar  Rio  \j)7.(tyii,  Spain,  .'^59 

Vintrcannc.  Hai--^-y.  Franr*',  303 

War-hn.sr^tt.  Mass.,  32^1 

Walnut  rarjyf»n.  Ariz.,  28.S 

Wi^warn,  rr»nn.,  312 

William.--.  Ariz.,  2SS 

Znla.  Aix.  Frar.rc,  302 
Max\^fll.  J.  V  .  13S 
Mcavy  rivfr,  En^rland.   U)3 
Mecr  Allurn  <larn,  India.  378 
Mckfiia  river.  Al^ricrs,  371 
Mcnrlorino  fV)unty,  Cal.,  .54.5 
Mcrccrlf'M  (lam,  Diirango,  Mexico.  .349 
MethodH  of  constructing  earth  dams,  422 


3fetropolitan  Water  Bosrd,  Maos,^  327 

Mexican  dams.  346 

Middletofu  Reginald,  £.,  187.  450 

MUls,  Hiram  F.,  329 

MUner,  Idaho,  68,  499 

Minidoka,  Idaho,  79 

Mining  dams  of  maaoory  under  eDormous 

head,  295 
Miodeix  dam,  Auverpae.  France,  368 
Miscellaneous  data,  Chapt^  \TII,  497 
Mission  «iam  of  Son  Diego.  Cal.,  oldest  in 

State,  213 
Mo<ieIs  of  masonry  dams,  experiments  on 

stresses  in.  210 
"Modem  Mexico."  periodical,  349 
Modesto  canal.  Cal..  259 
Mo«iesto  irrigation  district,  259,  262 
Mohave  river,  Cal..  180 
Moiesworth.  Guilford  L.,  20l5 
Moncrieff,  J.  C.  B.,  386 
Monegre  river.  Spain,  3o7 
Montgolfier.  M..  363 
Morgan,  Joseph.  187 
Mouche  dam,  Haute  Mame,  France,  309, 

366 
Mountain  creek,  Selkirk  Mountains,  B.  C, 

192 
Mount  San  Jacinto,  246 
Mount  Tabor,   Portland,  Ore.,  reservoir, 

292 
Mou.sam  river,  Maine,  81 
Murphy.  E.  C,  49 
Mulholland,  Wm.,  174 
Mutha  river,  India  v Poona  dam),  374 

Xacle  ^t  I^eonard,  contractors  for  Walnut 

Grove  dam,  55, 
XrL^luia  river.  Mass.,  327 
National  City,  Cal.,  215.  229.  231 
National  School  of  Engineering,  Mexico, 

352 
Natural  reservoirs,  483 

Douglass  lake,  Colo.,  491 

Fo.<sil  Creek.  Colo.,  492 

pravel  \ye<\  storage,  492 

King.  Colo.,  490 

Lake  Conio,  Mont.,  484 

Lake  rie  Smet,  Wyo.,  489 

Larimer,  Wyo.,  489 

Larimer  and  Weld  reservoir,  Colo., 488 

Lost  Canyon,  natural  dam,  Colo.,  494 

Loveland,  Colo.,  488 
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Natural  reservoirs: 

Ifarston  lake,  Colo.,  488 

Nee  Gronda,  Colo.,  490 

Nee  Noshe,  Colo.,  490 

Nee  Skah,  Colo.,  490 

Nee  Sopah,  Colo.,  490 

Oregon  Basin,  Wyo.,  491 

San  Bernardino  Valley,  493 

Twin  Lakes,  Colo.,  484 

Upper  San  Gabriel  Valley,  Cal.,  493 
Nazas  river,  Mexico,  349 
Needle  gates,  Indian  River  dam,  N.  Y.,  308 
New  Zealand,  Idabnm  daro,  82 
Newark.  N.  J.,  supplied  by  Cedar  Grove 

dams,  440 
Newell  curve  of  run-off  as  related  to  rain- 
fall, 426 
Newell,  F.  H.,  340 
Nicholson,  W.  D.,454 
Nira  canal,  India,  375 
North  Bloomfieid  Mining  Co.,  67 
Northern  Pacific  Ry.,  hydraulic-fills  on, 

193 
Norway,  Mich.,  mining  dam,  imder  high 

head,  296 
Nottingham,  England,  supplied  by  Der- 

went  dams,  408 
Nuuanu  dam,  Honolulu,  T.  H.,  136 

Oakland,  Cal.,  89 

Oester  dam,  Germany,  398 

Oigawa  river,  Japan,  540 

Olive  Bridge  dam,  Ashokan,  N.  Y.,  305 

Oregon  Basin  reservoir,  491 

Orman  &  Crook,  443 

O'Rourke,  J.  M.,  &  Co.,  340 

Otay  Creek,  San  Diego  Co.,  Cal.,  12 

Otay  dam,  Ix)wer,  12,  60 

Ottley,  Sir  John  W.,  K.C.I.E.,  212 

Outlet  pipes,  Hauser  Lake  dam,  Mont.,  463 

Pacoima  submerged  dam,  Cal.,  274 
Parker,  M.  S.,  60 
Pamahyba,  Brazil,  149 

dam,  Brazil,  409 
Parsippany  dyke,  Boonton  dam,  N.  J.,  326 
Parsons,  Charles  F.,  302 
Parsonii,  Wm.  Barclay,  334 
Pasaje,  Mexico,  350 
Patapsco,  Md.,  reinforced  concrete  dam, 

475 
Patoni,  Carlos,  356 


Pecrson,  F.  S.,  Dr.Sc.,  149.  152,  409 

Pearson,  Karl,  210,  212 

Pedlar  River  dam,  L3mchburg,  Va.,  334 

Peek,  Geo.  M.,  84 

Pelletreau,  M.,  208 

Pennycuick,  Cal.,  377 

Pen-y-Gareg  dam,  Wales,  405 

Percentage  of  mortar  in  Mercedes  dam, 

352 
Permeability  of  soils,  experiments  on,  445 
Perris,  Cal.,  247 
Periyar  dam,  India,  376 

river,  376 
Peruvian  dams,  409 
Pierce  Co.,  John,  305 
Pilarcitos  dam,  California,  433 
Piney  CVeek,  Wyo.,  489 
Pittsfield  dam,  Mass.,  479 
Plantation    reservoir    cheaply    built    by 

sluicing,  134 
Plasticine  models  of  masonry  dams,  212 
Plymouth,  England,  supplied  by  Burrator 

dam,  403 
Port  Elizabeth,  S.  Africa,  391 
Portland,  Oregon,  concrete  dams,  292 
Precipitation : 

at  Bear  Valley  dam,  Cal.,  254 

at  Granite  Springs  dam,  Wyo.,  318 

at  Bowman  dam,  Cal.,  65 

at  Sao  Paulo,  Brazil,  151 

Catawba  river  watershed,  S.  C,  338 

Cuyamaca  dam,  Cal.,  1888  to  1896, 

426 
in  Eastern  New  Mexico,  52 
in  Japanese  Alps,  543 
on  Koolau  Mountains,  Hawaii,  128 
on  Spring  Valley  Water  Co.'s  water- 
sheds, 274 
record  for  ten  years.   Bear  Valley, 

Cal.,  252 
Sweetwater  river  shed,  Cal.,  235 
Tansa  dam  watershed,  India,  373 
Turbio  river,  Mexico,  346 
Prendergast  &  Clarkson,  341 
"Presa  de  la  OUa,"  Guanajuato,  Mexico, 

349 
Principles  of  hydraulic-fill  dam  construe-"" 

tion,  184 
Principles  of  masonry  dam  designing,  205, 

206 
Pumping  from  bed  of  Sweetwater  reser- 
voir, 235 
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Pumping  liquid  earth  to  build  a  dam,  174, 

175 
Pumping  salt  water  for  sluicing  in  Seattle, 

514 
Pumping    water    for    dam    building    by 

sluicing,  111,  118,  138,  172,  179 

Queis  dam,  Germany,  398 
Quinton,  John  H.,  80 

Rafter,  Geo.  W.,  309 

Railroad  gatefl  for  reservoir  outlets,  437 

Rainfall,  see  Precipitation. 

Rand  Mines,  S.  Africa,  '^1 

Rankine.  Prof.  W.  J.  M.,  20o 

Record    of    progress    in    sluicing,    Santo 
Amaro  dam,  Brazil,  538 

Reinforcement  of  concrete  dam,  Burraga 
Australia,  380 

Remscheid,   Westphalia,   Germany,    208, 
393 

Rennselaer  gate-valves,  322 

Reservoir  capacity: 

Agua  Fria  dam-site,  284 
Alicante  dam,  Spain,  :i57 
Arrowhead    Res.    Co.'s    Little    Bear 

Valley  dam,  Cal.,  182 
Ash  Fork  dam,  Ariz.,  282,  455 
Ashokan  dam,  N.  Y.,  304 
Ashti  tank.  India,  421 
Assouan  dam,  Kg\'7)t,  3H8 
Austin  dam,  Texas,  314 
BaroHsa  dam.  Australia,  380.  .382 
Barrett  dam.  Cal..  30 
Ba^in  ('re<»k  darn,  Butte  City.  Moul., 

294.  2iW) 
Bear  Valley  dam.  Cal.,  254 
Beetalof)  dam,  S.  Australia.  3S0 
I^lle   Fourche  dam,   South    Dakota, 

442 
Bclubula  dam.  Australia,  38() 
Betwa  dam,  India.  37r» 
Bhatgur  dam,  India,  371 
Blarkbrook  dam,  Knglaiirl,  402 
Boonton  dam,  N.  J.,  325 
Boustiy  *lain.  Franee.  3f)5 
Bowman  dam,  (.'al.,  Tjo 
Boyd's  Corner  dam,  N.  Y.,  308 
BridKCi)ort  dam.  Conn.,  310 
Burraga  dam,  Australia,  379 
Burrator  dam,  England,  405 
Cache  la  Poudrc  dam,  (^olo.,  437 


Reservoir  capacity  : 

Canistear  dam.  New  Jersey,  439 
Cataract  dam,  Australia,  384 
Cedar  Grove  dams,  Newark,  N.  J.,  441 
Chartrain  dam,  France,  365 
Cher  dam,  France,  369 
Chumbrumbaukum  tank,  India,  419 
Cold  Springs  dam,  Umatilla,  Oregon^ 

444 
Colorado  State  dams,  Colo.,  439 
Connellsville  dam.  Pa.,  330 
Coolgardie  dam,  Helena  river,  Aus- 
tralia, 384 
Craig  Goch  dam,  Wales,  405 
Cross  River  dam,  N.  Y.,  299 
Croton  Falls  dam,  N.  Y.,  301 
Cuyamaca  dam,  Cal.,  426 
DeWeese  dam.  Wet  Mt.  VaUey,  Cob., 

325 
Djidionia  dam,  Algiers,  372 
Douglas  lake,  Colo.,  491 
East  Canyon  Creek,  Utah,  58,  60 
£chapr6  dam,  France,  369 
Einseidel  dam,  Germany,  395 
Ekruk  tank,  India,  419 
English  dam,  Cal.,  63 
Esperanza  dam,  Mexico,  527 
Eureka  Lake  dam,  Cal.,  504 
Faucherie  dam,  Cal.,  504 
Fossil  Creek,  Colo.,  492 
Furens  dam,  France,  363 
Gileppe  dam,  Belgium,  399 
Glenwild  dam,  New  York,  440 
Oorzente  dam,  Italy,  370 
Gran  (.'heurfius  dam,  Algiers,  372 
Granite  Sprinif^  dam,  Wyo.,  318 
Ilabra  dam,  Algiers,  370 
Hemet  dam,  Cal.,  246 
Hijar  dams,  Spain,  359 
Huarochiri  lakes,  Peru,  410 
Idaburn  dam,  New  Zealand,  82 
Indian  River  dam,  N.  Y.,  309 
Johannesburg  dam,  S.  Africa,  393 
Komotau  dam,  Austria,  398 
Lagohmgo  dam,  Italy,  369 
Laguna  dam,  Mexico,  170 
La  Jalpa  dam,  Mexico,  347 
Lake  Avalon  dam,  46 
Lake  Carpa,  Peru,  411 
Lake  Cheesman  dam,  Colo.,  323 
Lake  de  Smet,  Wyo.,  489 
Lake  Frances  dam,  Cal.,  116 
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Reservoir  capacity: 

Lake  Huasca,  Peru,  413 

Lake  McMillan,  50 

Lake  Quisha,  Peru,  411 

Lake  Sacsa,  Peru,  411 

La  Mesa  dam,  Cal.,  104 

Laramie,  Wyo.,  489 

Laramie  River  dam,  Wyoming,  440 

Larimer  and  Weld   reservoir,  Colo., 

488 
Lauchensee  dam,  Germany,  397 
Lennep  dam,  Germany,  397 
Los  Reyes  dam,  Mexico,  171 
Lost  Canyon  dam,  Colo.,  495 
Loveland  reservoir,  Colo.,  489 
Mariquina  dam,  Manila,  P.  I.,  343 
Marston  lake,  Colo.,  488 
Meer  Allum  dam,  India,  379 
Mercedes  dam,  Mexico,  355 
Merced- Yosemite  reservoir,  Cal.,  432 
Morena  dam,  Cal.,  31 
Mudduk  Masur  tank,  India,  419 
Necaxa  dam,  Mexico,  152 
New  Croton  dam,  N.  Y.,  299 
Nijar  dam,  Spain,  358 
Nuuanu  dam,  T.  H.,  136 
Ondenon  dam,  France,  369 
Pacoima  submerged  dam,  277 
Pas  du  Riot,  France,  364 
Pathfinder  dam,  Wyo.,  341 
Pedlar  River  dam,  Va.,  334 
Periyar  dam,  India,  376 
Pilarcitos  dam,  Cal.,  434 
Poona  or  Lake  Fife  dam,  India,  374 
Portland  dams,  Ore.,  292 
Redridge  dam,  Mich.,  458 
Remscheid  dam,  Germany,  393 
Rio  das  Lages  dam,  Brazil,  408 
Roosevelt  dam,  Ariz.,  338 
Round  Hill  dam.  Pa.,  331 
San  Andres  dam,  Cal.,  434 
San  Jos^  dam,  Mexico,  533 
San  Leandro  dam,  Cal.,  90 
San  Mateo  dam,  Cal.,  268 
Sand  River  dam,  S.  Africa,  391 
Santo  Amaro  dam,  Brazil,  151 
Seligman  dam,  Ariz.,  238,  282 
Shoshone  dam,  Wyo.,  341 
Silver  Lake  dam,  Cal.,  175 
Sodom  dam,  N.  Y.,  307 
Sweetwater  dam,  Cal.,  218,  225,  231 
Swink  dam,  Colo..  177 


Reservoir  capacity: 

Tabeaud  dam,  Cal.,  434 

table  of,  mining  reservoirs  in  Califor- 
nia, 68 

Tansa  dam,  India,  373 

Temay  dam,  France,  563 

Terrace  dam,  Colo.,  146 
.    Tlelat  dam,  Algiers,  372 

Trap  Falls  dam,  Conn.,  331 

Turdine  dam,  France,  368 

Twin  Lakes,  Colo.,  484,  485 

Tyler  dam,  Texas,  93 

Upper  Otay  dam,  Cal.,  342 

Victor  dam,  Colo.,  84 

Villar  dam.  Spam,  359 

Vyrnwy  dam,  Wales,  402 

Waialua  reservoir,  Hawaii,  128 

Walnut  Canyon  dam,  Ariz.,  288 

Wigwam  dam.  Conn.,  312 

Williams  dam,  Ariz.,  238,  282,  286 

Yuba  dam,  Cal.,  172 

Zufii  dam,  N.  M.,  79 
Reservoir  capacity,  tables  of: 

Barrett  reservoir  555 

Bear  Valley  reservoir,  556 

Cuyamaca  reservoir,  554 

Escondido  reservoir,  551 

Lake  Hemet  reservoir,  552 

La  Mesa  reservoir,  5f»2 

Little  Bear  Valley  reservoir,  563 

Lower  Otay  reservoir,  551 

Morena  reservoir,  551 

Pauba  reservoir,  554 

Roosevelt  reservoir,  556 

Sweetwater  reservoir,  553 

Upper  Otay  reservoir,  555 
Redridge  steel  dam,  Mich.,  456 
Reuss,  M.  G.,  364,  369 
Reinforced  concrete  dams  at: 

Colliers,  N.  Y.,  465 

Danville,  Ky.,  465 

Dellwood,  lU.,  465 

Douglas,  Wyo.,  465 

Ellsworth,  Maine,  465 

Fenelon  Falls,  Ontario,  Can.,  465 

Gloucester,  Mass.,  465 

Goffston,  N.  H.,  465 

Grays,  N.  Y.,  465 

Horseshoe,  N.  Y.,  465 

Huntingdon,  Pa,,  465 

Ilchester,  Md.,  465 

Newton,  Mass.,  465 
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Reibforoed  eoneret«  dami  at: 

Pittofield,  Maas.,  465 

Ramapo.  N.  Y.,  465 

Ricketts.  Pa.,  465 

Russell,  Mass.,  465 

SchuylcrvUle,  N.  Y.,  465 

Sheldon  Springs,  Vt.,  465 

Theresa,  N.  Y.,  465 

Wilton,  N.  H..  465 

Woodstock,  Vt.,  465 

Woonsocket,  R.  I.,  465 
Reyes,  Sebastien,  534 
Richardson,  llios.  F.,  330 
Ridg^ay,  M.  R.,  307 
Rimac  river,  Peru,  409 
Rio  das  Lages  dam,  Brazil,  408 
Rio  de  Janeiro  Tramways  Light  and  Power 

Co.,  408 
Riprap  on  earth  portion,  Castlewooii  dam, 

Colo.,  37 
Robinson,    Col.    E.    X.    (chief   engineer, 

Walnut  Grove  danO^  55 
Rockaway  river,  N.  J.,  327 
Rock-611  dams: 

Alfred,  Me.,  dr>'  wall,  concrete  face, 
81 

Animas  dam,  Colo.,  plank  face,  84 

Bowman,  Cal.,  65 

Chatsworth  Park,  Los  Angeles  Co., 
Cal.,  34 

clas.sified,  1.  2 

East  Canyon  Creek.  Utah,  5S 

PIngli.'<h.  C:il.  'timlx»r  crib>,  63,  aOT 

E.sroiirii«lo  .listrict.  Cal.,  2 

Eureka  Lake  dam.  C;il..  .>4)4 

1^1  ke  .\valon.  N.  M..  original.  4" 5 
rocon-st ruction,  49 

Lake  McMillan,  N.  M..  r>0 

Li)W(T  Otay.  (*al.,  ♦)() 

MiliuT.  Maho    combination  tyj'c',  •'•S 

Mini<Ii»ka,  Maho  'conil)inati«^n  typt-  , 
7'» 

Mi)rcna.  .'^an  Dieco  To.,  Cal..  'M),  '.i'.^ 

Pecos  Valley  >ystem.  N.  M.,  4.3 

Roswcll.  <ia.,  [>lank  face.  82 

Victor,  i'olo..  steel  face,  S3 

Waiabia  liam,   Hawaii  (combination 
t\^H'l.  127 

Walnut  (irove,  Ariz.,  53,  514 

Weaver  Lake  dam,  Cal..  5()4 

Z'lni.  X.  .M..    combination  ty|»e\  74 
Rock  hill.  :?.  C,  |K)wer  plant.  3'>»5 


Rogers,  J.  B.,  393 

Roland  Park,  Md.,  hydraulic-fiU  dam,  546 

Roosevelt  dam,  Ariiooa,  338 

Rofiwell,  Georgia,  82 

Roswell,  N.  M.,  51 

Rotten  Park  dam,  England  (no  core-wall), 
449 

Round  Hill  dam,  Wilkesborre,  Pa.,  331 

Run-off: 

Agua  Fria  river,  Ariz.,  estimated.  282 

Bear  Valley  reservoir,  estimated,  256 

Catawba  river,  S.  C,  338 

Crow  Creek,  Wyo.,  318 

Crystal  Springs  reservoir,  San  Mateo, 

272 
Cuyamaca  resen'oir,  235 
Cuyamaca  resen'oir-basin,  427 
Fail  Creek.  Ithaca.  N.  Y.,  309 
Habra  river,  Algiers.  371 
Kaukonahua  Gulch,  Hawaii.  123 
Kem  river,  Cal.,  433 
Mercedes  dam,  Mexico.  355 
Nuuanu  Valley,  Honolulu,  i:i6 
of  Twin  Lakes,  Colo.,  watershed,  4S4 
Sweetwater  river,  Cal.,  twenty  years' 

record.  a'« 
Tansa  dam  shed,  373 
Zuni  river,  Ariz.,  79 

Sacramento  wash.  Ariz.,  2S6 

St.  Cier^ues,  France,  site  of  Mouche  dam, 

3t>7 
St.  Dionisji.  Algiers.  371 
Salt  river,  Ariz..  XiS 

Salt.<  loaclieil  out  in  hviiraulic  sluicing.  447 
San  An«irc.<  <iam,  California.  43:i 
San  liernanlino  Valley.  Cal..  Ai^A 
S;in  l)iego  Flume  Cii.'s  divertiuir  weir.  427 
San  l^iesjo  Land  and  Town  Co..  21.*> 
San  Fernando  Valley.  Cal..  27o.  4J3 
San  Gabriel  Valley,  Cal..  4t>:{ 
San  Jacinto  Mountain.*?,  Ji>S 
San  Juan  Co..  Colo..  S4 
San  Lean'iro.  Cal..  S') 
San  Leandro  i.lam.  Cal..  S9 

dam    earth.  SO.  IsS 
San  Lui.«J  Poto.^i.  Mexico,  supplied  by  San 

Jo.<e  dam.  oo4 
San  Luis  Valley.  Colo..  I'iO 
San  Matei>  dam,  Cal.    ci>ncrete\  2fi7 
Sand  River  dam.  South  Africa.  Wl 
Sand-washing  device,  Hemet  dam,  2-59 
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Sandeman,  Edward,  403 
Santa  Ana  river,  Cal.,  172 
Santa  Eulalia  river,  Peru,  409 
Santa  F^  Pacific  Railway,  dams  for  water- 
supply,  282 
Santo  Amaro  dam,  Brazil,  146 
SSo  Paulo,  BrazU,  146 

Tramways    Light    and    Power   Co., 

Brazil,  409 
Savage,  H.  N.,  27,  225,  226,  236,  341,  436 
Sazilly,  M.,  author  of  paper  on  **  Masonry 

Dams  in  1853,"  205 
Schulze,  Oscar,  386 
Sears,  Walter  H.,  299,  301 
Seattle,  Wash.,  hydraulic  dredging  at,  201 

regrading  of  city  by  sluicing,  509 
Sedimentation  of  Sweetwater  reservoir  in 

twelve  years,  236 
Seligman  dam,  Ariz.,  283 
Semur,  France,  364 
Sengbach  dam,  Germany,  398 
Settons  dam,  France,  367 
Seymour,  J.  J.,  108 
Shaler,  Ira  A.,  310 
Shaner,  H.  L.,  334 
Shear  board  method  of  building  slopes  in 

hydraulic-fill  dams,  547 
Sheepstor  (earth)  dam,  England,  403,  405 
Sheet-piling,  triple-lap,  in  Laramie  River 

dam,  440 
Sheffield,  England,  supplied  by  Derweiit 

Valley  dams,  408 
Sherrerd,  M.  R.,  441 
Shirreffs,  Reuben,  329 
Shoshone  dam,  Wyo.,  340 
Shutter,  movable,  on  crest  of  Folsom  dam, 

264 
Silt  carried  by  various  rivers,  315 
deposit,  Austin  dam,  Texas,  315 
in  Alicante  dam,  Spain,  357 
in  Mercedes  reservoir,  Mexico,  356 
Silver  Lake  dam,  Los  Angeles,  Cal.,  174 
Silverton,    Colo.,    power    received    from 

Animas  dam,  84 
Sioule  dam,  France,  368 
Six-Mile  Creek,  Ithaca,  N.  Y.,  302 
Slip  of  a  portion  of  North  Dike,  Wachu- 

sett  dam,  Mass.,  443 
Slips  in  earth  dams,  common  in  India,  446 
Slips  in  earth  dams  in  India,  422 
Slopes  for  earth  dams  proposed  by  W.  L. 

Strange,  446 


Sluice- water  supply  ditch,  155 

Smith,  Capt.  R.  Baird,  417 

Smith,  Edwin  F.,  451 

Smith,  J.  Waldo,  299,  301,  305,  327 

Smith  mechanical  concrete  mixers,  322 

Snake  Ravine  hydraulic-fill  dams,  failure 

of,  182 
Snake  river,  Idaho,  68 
Sodom  dam,  N.  Y.,  307 
Solbach  dam,  Germany,  398 
Solingen  dam,  Germany,  396 
Soluble  salts   a   cause  of  earth  slips  in 

dams,  447 
Southern     California     Mountain     Water 

Co.  12,  28,  342 
South  Fork  of  Eel  river,  Cal.,  545 
Spanish  dams,  356 
Spier  Falls  dam,  N.  Y.,  301 
Spillways  of  earth  dams,  lack  of  sufficient 
capacity  principal  cause  of  failure, 
423 
Spring   Valley   w^ater   works,   San   Fran- 
cisco, 267 
State  prison,  P'olsom,  Cal.,  264 
Standard  Electric  Co.,  434 
Steam-plows  for  ground-sluicing,  132 
Stearns,  Frederick  P.,  305,  329 
Steel  dams,  453 

Ash  Fork,  Ariz.,  453 

Hauser  Lake,  Helena,  Mont.,  459 

Redridge,  Mich.,  456 
Steel  sheet-piles  for  core-walls,  449 

Friestedt  patent,  462 
Stephens,  George  Henry,  390 
Stokes,  Frederick  W.  S.,  390 
Stoney  roller  gates,  Assouan  dam,  389 
Storage  reservoirs  on  Santa  Fe  Railway, 

284 
Storrow.  Samuel,  497 
Strange,  William  L.,  446 
Stratification  in  hydraulic-fill  dams,  185 

prevention  of,  110,  124 
Stubden  dam,  Ireland  (no  core-wall),  449 
Subsidiary  weir,  Betwa  dam,  376 
Superiority  of   hydraulic   method,   illus- 
trated, 540 
Susquehanna   river  power  development, 

332 
Swansea  dam,  Wales,  403 
Sweet,  Elnathan,  451 
Sweetwater  dam,  207,  209, 
Sweetwater  river,  Wyo.,  341 


IXDEX. 


9wink,  rtenaror  O.  W.,  177 
shrink'.H  hyfirwiliff-fill  dum,  Colo.,  I7rt 
Sydney.   \.  ?*    W.,  .supplied  hy  r'atarart 
.iam.  :W4 


Tahor,  E.  F..  m 

Taroma.  Wash..  hyi-lrauUr  fiUinjr  ar.  201 

Tahqiiir;?  Peak,  fl^^mef  AMrftr'hel.  2-W 

Tait.  Wm.  A    P..  ^IS 

Tanwi  dam.  JVimbny.  Irvlm.  ■*7-! 

Teirhman.  F  .  .^Kj 

Temfj^ratiir*^  rhnnarf^n  anii  movpmf^nT.^  In 

mnAnury  rinrrin.    J>«.  jf)*).  -iVj 
Tern  ay  dam,  Frnnoft.  .'>i;; 
Terrar^  dam.  ^'olr,..  l.Jf* 
Tefrt:<    of    srrftriflfTn    of    .inil^>'irft    *Torii*. 

Thirl m^re  rl^m,  Knzinrirl.  lO.*) 

Tia  Jiijtna  rivfr,  .S^^n  I>i^jfr,  fV,..  C.il..  24 

Tiiit/  rivftf,  .SrV»  Pi^iilo,  Fir;tz:i,  Ik;,   HJO 

Titi^iw  dam,  N.  Y.,  Mift 

Tonto  Crftek,  Ariz.,  XiS 

Torr*»f»n,  Mexirri,  .';'/)  ' 

TrAn)4fK>rtinf(  r'l^^-k  by  flumft,  100  I 

Trap  KalU  dam,  Bridcfftfxirt,  Conn.,  331 

Tiiolnmrif!  riv^r,  Cnl.,  IS-i,  2.71 

Tiirbio  riv^^r.  M^-xir-o,  .'JM'i 

Tiirrlin^? /|:im,  Frjihf*-,  .'Uin 

TiirlfK-k  f';irinl,  r.'ip.'irity,  2')7 

Tiirlork  irriiT'iMon  di-itrir-t,  mj,  2'*7,  202 

Turner.  \V.   I  .  tlO 

Twin  fjill^.  f'I'.f.o.  VYt 

Twi'i    r,.IU    I,.r.'l.'.r.'i  \V..f'T  f  -,  .    M..h'.. 

♦;s 

Twin  l/ikf'-.  II-  or:n\T,  ^  ol'»  .   1  ■^  I 
TyU-r.  'l*-x.'i-.    Iiy<lr.i'ilir  fill  .J  .rn,  '.H, 
Tyt;irii  dim,  Wimui-ifU'j.  ^  liirm.  )I^s 

I"II*'V  dim,    l-.riirl.in'l      rm   r-Dn*  'a-iII  .    \  \'.i 

:in<l   l'l.it«-  <'i 
C'fri;it  ill  I,     i  tn-ijuji,     irritr.i' i'>ii     '»!.     ^  .    S. 

\U'r.  S<rv  .in 
I?rri[»'j'i:i  nvji.  Oifj/un,  iiMhir.il  (l:iin,  IS.'i 
C'rHW'rMow  o|    Xj.'!!;!  I  ri;i  rivor.  Ariz..  L'so 

rtiMill  rnlnnv  «»f   <'tH-t'\fy,  ('(»|r»  .    \:\7 

I'riiti'jl    .>.litc-    Itfcliim.it  iuii    Srrvifr,     I!). 

7!».  .;:;s,  ;;i() 

I'rfl  d.ijii,  (IrnnMtiy.  'JO."!  i 

f  IHMT  ('rysl;il  Spriii^.-^  il;im.  Cnl..   Ill) 
I'ImIi     rxprrinirnts,      Tlnli      AKrirnltural 
('n|||.^•^  JOJ 


Van  mm  on  faire  of  dam.  rpiiet  of.  -i->4 
V.iie     Hotue    dam.     tjifnaxiii        ^^ithi::iC 

piiildle-4!r)rp  .  441).  anii  Plare  'i 
Vailpjo  .lam.  r'aiifomui.  42:2 
Value.  B.  R..  ;i:i4 

V.ilv*».  haianrpfi.  for  n*?*n-oir  iHirler.  ^2 
Valves,  wi^^ien.  fi>r  rF?>t*r^"t^ir  «>»iT.it?r.  ■!•> 
Vehar-lam.  Bom  hay.  Ir^il.a.  44'.) 
Ven.">r»,    EWi;h'im.    -uppiie«l    hy    «"riieppe 

.lam.  .\^f.) 
V;erf-)nr«»in  Wir.*r  .Synii irate.  -^Ji 
Vjray  r:'.>r.  India.  ■^7»i 
Villar-i.im.  ."^r'ain.  3.">^> 
\'Lnzp:irini*  iam.  Fnnre.  -M^^ 
Vinolapo  river.  Spam,  aite  of  Elche  dam, 

VL-rher.  Ffvi^ierr.  t22 

Void-*  [n  -and.  merhixi  of  determininic.  3-1 

Vollmpr.  <  jenrie  Fr#?iieriok,  44'^ 

Von  Seiri=^m  r'anyon.  E>c«)ndido  dam,  Cal-, 
■■> 

Vr>^jep»  mountain.'^.  T^rmany.  397 
VjTTivsy  dam.  Wales.  44)1 

W.irhij.-iiett  re!=er\-oir.  3i>5.  327 

Wade.  L.  A.  B..  aS-S 

Wagoner.  Lufher.  o4.  5-).  250 

Wahiawa  f'olony.  Haw'aii.  127 

Waialfia  hydraulic-fill  dam,  127 

Waianae  mount ain.s.  Hawjii.  129 

Wiilkf^r.  S.  r;..  i:^»i 

WalnuT    r 'any on.    ni.-i.sjnrj'    dam.    Ariz., 

\V:ilri';t  <ipiVf  ro^k-till  'Ltni.  Ari/..  .33 

<i;ii:i.  \\(n)'\fi\  t.Kiiiir  of.  35 
\V:,lzl.  .I.,fin  II..  .317 
W:ir?irT'-  iJ.iricli.  ^'al.,  o 
W;itfr  m.^'hioii: 

f^r-tw.'i  d.iiii.  Iii'ii;i.  ".7»'» 

('a-tlcvv(»rjd  •l.iin,  M7 

S\v».-f't\vaTi?r  I  iam.  227.  22*.i' 

Vir  weir  dam,  Imli.a,  .S7.) 
Wator-plano    t]irouji:h    earth    dams    with 
crjn'-w.ills.    found    hy   ('ommi.ssioii 
report inu:  on  \(»\v  (Voton  dam.  451 
Watrr  i)ower  r)f  Peruvian  rivers.  415 
\\';iterl)ury.  Conn..  .SI 2 
Watershed  area.s  trihutary  to: 

Austin  dam.  Texas,  311 

Ash  Fork  .steel  dam.  Ariz.,  455 

Barrett  re.«^ervoir.  Cal.,  2S.  30.  33 

Hear  V.illey  ilani.  Cal.,  251 
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Watershed  areas  tributary  to: 

Bowman  dani,  CaL,  19 

Castlewood  reservoir,  Colo.,  36 

Catawba  river,  S.  C,  338 

Chatswortli  Park,  Cal.,  30 

Cuyamaca  reservoir,  Cal.,  233 

Habra  river,  Algeria,  370 

Hemet  dam,  Cal.,  240 

Hijar  dams,  Spain,  3t59 

Lake    Avalon    and    Lake    McMillan 
dams,  N.  M.,  52 

Lynx  Creek  dam,  Ariz.,  290 

Merced  river,  ^'osemite  reservoir,  432 

Morena  reservoir,  Cal.,  33 

Nuuanu  reservoir,  Honolulu,  136 

Old  Crystal  Springs  reservoir,  274 

Pacoima  Creek,  273 

Periyar  river,  India,  377 

Pilarcitos  and  San  Andres  reservoirs, 
274 

Round  Hill  dam.  Pa.,  331 

San  Mateo  (.'reek,  200 

Seligman  reservoir,  Ariz.,  287 

Sodom  dam,  N.  Y.,  307 

Sweet v/ater  dam,  Cal.,  233 

Tansa  dam,  India,  373 

Wachusett  dam,  Mass.,  327 

Walnut  Canyon  dam,  Ariz.,  238 

Walnut    Grove    dam,    Hessayampa 
river,  Ariz.,  58 

Williams  dam,  Ariz.,  238 

Zorillo  Creek,  Mercedes  dam,  Mexico, 
349 

Zuiii  reservoir,  79 
W^egmann,  Edward,  205,  356,  398 
Weight  of  Ash  Fork  steel  dam,  455 
Welles,  A.  M.,  42 
Wells,  L.  W.,  94 

Westingliouse,  Church,  Kerr  &  Co.,  336 
Wet  Mountain  Valley,  Colo.,  325 


Wever,  Benj.  S.,  306 

Wheatland,  Wyo.,  440 

WTiiting,  J.  E.,  375 

Wigwam  dam,  312 

Wilcocks,  Sir  WUliam,  390 

Wiley  &  Lewis.,  Inc.,  497 

Wiley,  A.  J.,  317 

Wiley,  W.  H.,  491 

Wiley,  Wyoming,  491 

Wilkesbarre,  Pa.,  331 

Willamette  river,  Oregon,  292 

Williams,  C^.  G.,  334 

Williams  dam,  masonry,  Ariz.,  288 

Williams,  Prof.  Gardner  S.,  302 

Wilson,  H.  M.,  57,  205,  209,  372,  373,  377, 

419,  421,  450 
Wilson,  John  Sigismund,  212 
Winston  &  Co.,  299 
Wisconsin  Bridge  and  Iron  Co.,  455,  458, 

459 
Wooden  dam,  503 
Wooden-stave  pif>e,  296 
Woodward,  Silas  H.,  323 
Wright  irrigation  district  law,  2 
Wyrlll,  R.  H.,  403 

Yarrow  dam,  England,  earth,  with  pud- 
dle-core, 449 
Yelwand  river,  India  (Bhatgur  dam),  374 
Yorba  hydraulic-fill  dam,  Cal.,  172 
Yuba  river,  Cal.,  Middle  Fork,  63 

North  Fork,  115 

South  Fork,  05 

Zola  dam,  207,  210,  362 

Zorillo  Creek,  Mexico,  349 

Zorn,  G.  W.,  491 

Zuni  dam  (combination  rock-fill,  hydrau 

lic-fill),  74 
Zuni  Indian  Reservation,  N.  M.,  74 
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